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Beckman/Spinco Model CP Continuous 
Flow Electrophoresis instrument 

with accessory fraction collector allows 
unattended runs of 72 hours. 


As long as your biochemical or organic mixture is 
water-soluble and the fraction you want is ionized 
— chances are our Model CP Continuous Electro- 
phoresis can separate it — and in quantity. 

In the field for three years, the CP has solved a 
wide array of fractionating and purifying problems. 
In biochemistry the Spinco Model CP separates 
amino acids, peptides, hormones, sterols, bacteria, 
viruses, serum proteins and lipoproteins...is used in 
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operating conditions and literature references. 


C) Please send descriptive literature and prices on the CP. 


NAME__ 





TITLE OR 
DEPARTMENT 





FIRM OR 
INSTITUTION 





ADDRESS 





cITY STATE 











. _ 
———— 





Beckman § 
Serine Bib enies: fone 





¢ 








processing antibiotics and concentrating vaccines. 

In organic chemistry the CP can isolate the end 
product in many types of reactions, in quantities 
up to a gram of pure material a day. Often the vari- 
ous side products can be separated as well. 

If you face the problem of preparing pure frac- 
tions in volume, investigate the CP Continuous 
Electrophoresis now. Fill in the coupon and you.will 
receive literature by return mail. 
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New! Strauss—An Outline é 
CHEMICAL GENETICS 


Here, in this brief but important new book, you'll find 
the fascinating story of the important role of DNA in 
heredity. Dr. Strauss outlines the revolutionary new 
discoveries in the field of chemical genetics so you 
may clearly see how genetic theory as a whole has 
been affected. The author assumes some knowledge 
of chemistry, but only a brief encounter with the 
Mendalian laws. He, therefore, includes some mate- 
rial on the basic principles of genetics. He shows 
how the startling developments in the study of 
nucleic acids have influenced modern genetic con- 
cepts. Chapters cover: Genetic Control of Protein 
Synthesis—Nature of Heredity Material—Molecular 
Meaning of Genetic Recombination—Mutation as a 
Chemical Process—Nucleo-Cytoplasmic Relationships 
and the Problem of Protein Synthesis—Biochemical 


Genetics of Man. 


By BERNARD S. Strauss, Ph.D., Associate Professor of Micro- 
biology, University of Chicago. About 206 pages, illustrated. 
About $5.75. Just Ready! 





New (3rd) Edition! De Robertis, Nowinski 
& Saez—GENERAL CYTOLOGY 


Unusually well-suited to undergraduate courses, this 
text presents a synthesis of the most important 
aspects of cellular structure and function as encoun- 
tered in man and in animals. Submicroscopic organi- 
zation dealing with the architectural arrangement of 
molecules and micelles composing living matter is 
analyzed. The authors use the methods of physics, 
chemistry and biochemistry to interpret the nature 
of intracellular processes and functional significance 
of cellular structure. Every chapter has been rewrit- 
ten and brought up-to-date for this revision. 100 new 
illustrations have been added. The section on golgi 
apparatus has been entirely rewritten and there is 
much new material on cytogenetics, Gladly sent to 
college teachers for consideration as a text. 


By Epuarpo De Rosertis, Professor and Director of the Institute of Gen- 
eral Anatomy and Embryology, Faculty of Medicine, University of 
Buenos Aires, Argentina; W. W. NowinskI, Associate Professor of Bio- 
chemistry, University of Texas Medical School; and Francisco A. SAEZ, 
Head of the Department of Cytogenetics, Institute for the Investigation 
of Biological Sciences, Montevideo, Uruguay. About 550 pages, with 252 
illustrations, About $10.00. New (3rd) Edition—Just Ready! 


Books May B Pavchased a oe Your Bookstore or Directly 
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Now (3rd) Edition! Turner— 
GENERAL ENDOCRINOLOGY 


Completely rewritten, this text presents endocrinol- 
ogy on a biological level. Comparative endocri- 
nology of birds, amphibians, fishes and domestic 
animals is stressed. In the introductory chapter the 
student is given a sound general discussion of en- 
docrines — summarizing recent developments and 
forecasts of future trends. Chemistry of hormones 
has been treated in some detail and mechanisms of 
hormone action are discussed in the light of present 
knowledge. A new chapter has been included on 
“Miscellaneous Hormones and Similar Materials” 
covering the new work on the renal pressor sub- 
stances (angiotensin, etc.). The chapter on Adrenal 
Cortex is thoroughly up-to-date and includes a section 
at the beginning explaining the structure and nomen- 
clature of the steroid hormones. In the chapters on 
reproduction, new material has been added on do- 
mestic animals thus making the book more useful for 
students of agriculture. Gladly sent to college teachers 
for consideration as a text. 


By C. DOoNNELL TuRNER, Ph.D., Professor of Biology, 
Duquesne University, Pittsburgh. 511 pages, with 133 illustra- 
tions. About $9.50. New (3rd) Edition—Just Ready! 








New (18th) Edition! Ruch & Fulton— 


MEDICAL PHYSIOLOGY & 
BIOPHYSICS 


Familiar to you in previous editions as Fulton’s 
Physiology, this new edition is up-to-the-minute with 
a new title, new content and new editorial team. It 
presents a superbly balanced picture of the intricate 
working mechanisms of the human body—from de- 
scription of activities on a cellular level to modern 
concepts of control of cardiac output. Every chapter 
has been thoroughly reviewed to incorporate latest 
concepts. Two new chapters, one on biophysics of 
the cell membrane and one on the neurophysiology 
of emotion illustrate how this revision embraces the 
broader scope of today’s physiology. 

Edited by THEopore C. Rucu, Fh.D., Professor and Executive Officer, 
Department of Physiology and Biophysics, University of Washington 
School of Medicine; and JoHN F. Futton, M.D., Sterling Professor of 


the History of Medicine. With the Collaboration of 22 Authorities. 1232 
pgaes, 6%” x 10”, with 616 illustrations. $16.00. 


New (18th) Edition—Just Ready! 


Diu the Publisher 





W. B. SAUNDERS COMPANY 
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NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 


$8.50; foreign postage, $1.50; Canadian postage, 75¢. 


375 








ROCKET CORPS 


th 






376 


CENTURY 


In 1760, Indian Prince Tepper Sahib trained a 
5,000-man rocket corps. Using rocket launchers of 
the type illustrated the Sahib repelled a British at- 
tack against his walled city — and started the de- 
feated British thinking about rockets of their own! 

Missiles have become greatly more sophisticated 
since the Sahib first broke the British Square. As a 
vital part of one of the world’s largest purely elec- 
tronic companies, Raytheon Missile Systems Divi- 
sion is making great advances in this field. Here 
engineers are working with far-advanced concepts in 
electronics, aeronautics, and astronautics. Constantly 
analyzing, evaluating, creating, they’re helping to 
solve tomorrow’s defense problems now. 

Raytheon has room for more such men at all levels 
of responsibility. For them, Raytheon’s Missile 
Systems Division creates a climate for talent — 
perhaps your talent. 


ENGINEERS: Immediate openings in 
Operations Analysis «+ Radar Systems 
« Data Processing « Design Data « Sys- 
tems Test + Specification Engineering 
. e Circuit Design « Systems Analysis 
ae | e Electronic Packaging + Transmitter 
Design « Process Engineering « Product 
Engineering « Publications + Quality 
Control « Microwave. 


Your resume will receive prompt atten- 
tion. Please address it to: Mr. Richard S. 
Malcolm, Coordinator of Employment/- 
Placement, Missile Systems Division, 
Raytheon Company, 520 Winter Street, 


Waltham, Massachusetts. 
15WS 


MISSILE 
SYSTEMS 
D/VISION 
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High Magnetic Field Research: H. P. Furth 


Magnetic pressure can move mountains of metal or plasma for the engineer, 
and atoms for the physicist. 


Exobiology: Approaches to Life beyond the Earth: J. Lederberg 


Research Overhead and the Universities: N. Kaplan 


Should government support of basic research in private universities cover over- 
head as well as direct costs? 


Senate Report Finds Duplication of Effort in Space Agency; Jury Decides Cigarettes 
Caused Lung Cancer But Company Is Not Liable; National Science Foundation 
Grants for Research; AAAS Symposium on Science in Communist China 


Conflict of Interest and Federal Service, reviewed by J. R. Newman; other reviews .... 


Pigmy Marmoset as an Experimental Animal: H. Sobel, C. E. Mondon, C. V. Means .. 


Synxenic and Attempted Axenic Cultivation of Rotifers: 
E. C. Dougherty, B. Solberg, L. G. Harris 


Regulation of Reproductive Rate by Intra-uterine Mortality in the Deer Mouse: 
R. L. Helmreich 


Studies on the Regulation of Fatty Acid and Cholesterol Synthesis in Avian Liver: 
E. C. Layne, G. G. Rudolph, S. P. Bessman 3 


Biological Activity of 3-Methoxy-Catecholamines: 
J. Champagne, A. D’lorio, A. Beaulnes 


Influence of Uterine Site on Occurrence of Spontaneous Cleft Lip in Mice: D. G. Trasler 


“Second Emerson Effect” in the Hill Reaction of Chlorella Cells with acai as Oxidant: 
R. Govindjee, J. B. Thomas, E. Rabinowitch . 


Inhibition of Photosynthesis in Some Algae by Extreme-Red Light: 
E. Rabinowitch, Govindjee, J. B. Thomas 


An Interphylum Luciferin-Luciferase Reaction: F. H. Johnson, Y. Haneda, Ed. H.-C. Sie 


Experimental Shark Pens at the Lerner Marine Laboratory: 
P. W. Gilbert and H. Kritzler 


Letters from H. F. Gallup and C. Reid; H. C. Dudley; F. W. Went; J. L. Swauger .... 


Congress of Anatomists; Forthcoming Events; New Products 


Shell of a pictinid bivalve through which a gastropod has drilled a hole 3 millimeters in 
diameter. The shell was collected by the Danish Galathea Expedition 1950-52 in the 
Australian Bight at a depth of 440 meters, and was made available by the Zoological 
Museum, Copenhagen. The photograph was made by S. M. Boone and M. R. Carriker. 
[M. R. Carriker, University of North Carolina] 
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A new 
achievement for 
STEREOMICROSCOPY 


The WILD* M5 STEREOMICROSCOPE 
presents, new, important advances 
in versatility, optics, mechanical con- 
veniences and physical design. 


This Swiss precision instrument is 
equipped with a main objective com- 
elelarctabance) ile) (clei oh al oi g-Me) Mel adtor-1 10] 
mounted intermediate lenses with 
parallel axes. The result is increased, 
ialicolgsnMmejar-lge)alct-t-m dalaeletsd ale le) am aal-) 
field, with no need for any change in 
FTolelaatanteler-halelam 


With a constant working distance of 
se] Wi aaleamem-)e-lalet-laeM aat-ledaniiler-balelatwe-la-) 
6X, 12X, 25X and 50X, conveniently 
ET} [-Toh ¢-te Me lame- Mi elelapdelaie-] Melaliam 


Accessories include a base for trans- 
mitted light observation, various light 
fo] 8] gol --P 0] ale) Covsde-]elallom-lale Mantct- tela lal =d 
attachments. A matching steel hood 
is provided for easy storage and 
portability. 


For full details about this years- 
ahead stereomicroscope, write for 
Booklet M5. 


The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 


WILD 


HEERBRU ¢ 


Main at Covert Street @ Port Wa 
POrt Washingt 


TRUMENTS 


Tale OF Tar-ler-| 


Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 








Letters 


Quantum Phenomena in Biology 


C. Reid (1) discusses (among other 
topics) some recent trends in research 
on the visual process. In so doing, he 
keeps the action of rod and cone cells 
separate, referring to the former as a 
“monochromatic mechanism” and to 
the latter as .a “trichromatic color- 
vision process.” Wald (2) presented a 
very interesting set of deductions and 
speculations on the action of rhodop- 
sin and the effect of its bleaching on 
rod and cone activity. The hypothesized 
structure of both rods and cones is one 
of compartments containing rhodopsin 
molecules. The number of compart- 
ments per cell can vary, as can the 
number of rhodopsin molecules per 
compartment. Sensitivity of a cell is a 
direct function of the number of com- 
partments and of the amount of rhodop- 
sin per compartment: the more rhodop- 
sin, the higher the probability that that 
cell will absorb a quantum of light. 
Several deductions follow from a statis- 
tical theory based upon Wald’s sugges- 
tions—for example, light and dark adap- 
tation phenomena and scotopic and 
photopic luminosity curves. One new 
prediction was derived and tested with 
critical flicker fusion (3). The data 
showed a closer approximation to 
Wald’s conceptualizations than to Cro- 
zier’s (4). 

With monochromatic light sources, 
similar predictions would be difficult 
to make. Again, some well-grounded 
speculations may be cited (5). First, it 
is interesting to note that Reid talks of 
a “trichromatic color-vision process in 
the cone cells” and observes that “none 
of the three mammalian cone-cell pig- 
ments (these have not yet been isolated) 
is rhodopsin.” Young and Helmholtz 
started the trichromatic theories; Her- 
ing and Ladd-Franklin opposed them; 
Granit and Hartridge presented ample 
evidence that perhaps 7- or 11-color 
theories may be more correct (see 6). 

Trichromatic theories are still in 
vogue today, due to the existence of 
three physical primaries, or to our lan- 
guage habits, or to inertia, or to some 
combination of these, despite the evi- 
dence. From the work of Granit and 
Hartridge it is only one more step to a 
Statistical theory of color vision. This 
is the step Shaw has taken. One could 
return to Wald from Shaw’s theory 
and conceptualize compartments con- 
taining varying amounts of chlorophyll, 
xanthophyll, carotene, and other op- 
tically active substances. These vary- 
ing amounts would be distributed nor- 
mally (like rhodopsin) among cones 
and cone compartments, so that any 
given cone might contain close to the 


mean value of chlorophyll; or it might 
contain an amount of chlorophyll 
three standard deviations above the 
mean and would therefore be a “green 
cone”; or it might contain a large 
amount of xanthophyll and be a “yel- 
low cone.” Such a theory would seem 
to be more promising and closer to the 
content of Reid’s paper than a trichro- 
matic theory. I leave the details of such 
a theory to someone better versed in 
photochemistry than I. 

Howarb F. GALLUP 
Psychology Department, Lafayette 
College, Easton, Pennsylvania 


References and Notes 


1. C. Reid, Science 131, 1078 (1960). 

2. G. Wald, ibid. 119, 887 (1954). 

3. H. F. Gallup, NAMC-ACEL-341 (16 Aug. 
1957). 

4. W. J. Crozier, Proc. Natl. Acad. Sci. U.S. 28, 
65 (1940). 

5. W. A. Shaw, Psychol. Rev. 63, 228 (1956). 

6. S. H. Bartley, “The psychophysiology of 
vision,” in S. S. Stevens, Handbook of Experi- 
mental Psychology (Wiley, New York, 1951), 
chap. 24 


I believe that Gallup’s interesting 
ideas about cone vision cannot be recon- 
ciled with the experimental facts. For 
instance, Rushton [Proc. Natl. Acad. 
Sci. U.S. 45, 114 (1959)] has shown, 
by examination of the reflection spec- 
trum of the fovea centralis of red-blind 
(protanopic) individuals, the absence 
of a pigment throughout the red region 
of the spectrum. Because of the wide- 
spread occurrence of this phenomenon, 
it seems very unlikely that more than 
one pigment is missing, and conse- 
quently this single pigment must be 
effective over a considerable region of 
the spectrum. A second pigment, effec- 
tive in the blue-green region, was also 
identified by Rushton, and it seems 
quite reasonable to conclude that a 
third must exist, covering the blue part 
of the spectrum. There is nothing in 
Rushton’s spectra to indicate the pres- 
ence of rhodopsin in the cone cells. 

C. REID 
University of British Columbia, 
Vancouver, Canada 


Pseudo Science and Censorship 


With reference to the editorial “Re- 
butting the preposterous” [Science 131, 
1163 (22 Apr. 1960)], two important 
questions are implied therein. 

1) Who is to judge that grey area, 
between “accepted science” and pseudo 
or crackpot science? For it is here that 
new discoveries arise, and here originate 
the “breakthroughs” that all are so 
eagerly seeking. I remember well when 
the expanding universe and virus as a 
causative agent in cancer were two 
ideas believed to have very little merit 
—then pseudoscientific, if you will. 
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2) Who shall constitute the “Com- 
mittee on Censorship by Selection,” 
responsible to see that the general pub- 
lic shall be permitted to read only “ac- 
ceptable” popularized scientific report- 
ing? 

The attitude of many scientists and 
the hubbub of the writer-scientists who 
forced the suspension of publication of 
a “pseudoscientific” book are reminders 
of another era. But the shoe is on the 
other foot. Remember the Condon case 
and the committees which judged “guilt 
by association?” Is an individual to be 
judged a pseudoscientist by reason of 
his association with ideas which are not 
acceptable to the “Committee on Cen- 
sorship by Selection?” The cost of com- 
placent conformity comes high, espe- 
cially just now. 

H. C. DuDLEY 
46 Colonial Avenue, 
Garden City, New York 


Closer Scientific Contact 
with Czechoslovakia 


For a period of 10 years there has 
been little scientific contact between the 
Western democracies and Czechoslo- 
vakia. During a recent visit to that 
country, at the invitation of the Czech- 
oslovakian Academy of Sciences, I had 
an opportunity to meet many scientists, 
especially botanists and agriculturists, 
and enjoyed a most cordial and delight- 
ful reception. As almost everywhere in 
the world, support of scientific work has 
greatly increased, and a large number 
of serious and dedicated young men 
are devoting their lives to science. 

In the Austro-Hungarian empire 
there was only one university in the 
territory which is now Czechoslovakia, 
the Charles University in Prague, with 
two evenly supported divisions, one 
Czech and one German. This equality 
in support went so far that two identi- 
cal buildings for botany were erected 
in the botanical garden, one for Profes- 
sor Molisch and the other for Professor 
Nemeé. Now one of the buildings is 
the laboratory of plant physiology and 
genetics; the other is for plant taxon- 
omy. Several other universities and 
colleges were created in the Czechoslo- 
vakian Republic before World War II, 
like the Masaryk University and the 
Agricultural College in Brno. These 
institutions are thriving, with a large 
enrollment and adequate financial sup- 
port for research and teaching. 

In addition to the educational insti- 
tutions, a number of research institu- 
tions have been created during the last 
10 years. They are now administered 
under three Academies: the Czechoslo- 
vakian and the Slovakian Academies of 
Science and the Czechoslovakian Acad- 
emy of Agriculture, 
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These academies are administered 
by the members and are operated as 
departments of the government, with 
their own appropriations. When in 
1950-51 the first research institutes for 
fundamental investigations were organ- 
ized, there was no government agency 
under which they could properly be 
set up, and the existing academies were 
reorganized around their original mem- 
bership to administer the research in- 
stitutes. ; 

The greater part of my visit was 
spent in Prague, especially at the Insti- 
tute of Biology of the Czechoslovakian 
Academy of Sciences. This institute 
consists of a number of special sections; 
I was most interested in Plant Physi- 
ology and Physiological Genetics, of 
which Dr. Blatzky is director. There 
are approximately a dozen research 
workers in this group, studying prob- 
lems ranging from photosynthesis, plant 
hormones, and sterile plant culture to 
the biochemistry of plant development. 
The laboratories are well-equipped, 
with apparatus largely constructed in 
Czechoslovakia and apparently of ex- 
cellent construction. Only approximate- 
ly 20 percent of the research apparatus 
had come from England or America. 
It was interesting to note that the prices 
of scientific apparatus were just about 
the same there as in America. 

Personal contact with the research 
workers was very pleasant, and every- 
one endeavored to speak English, al- 
though German and Russian are the 
foreign languages most generally spo- 
ken by the Czechoslovakian research 
workers. I greatly appreciated their 
courtesy in speaking English. 

It is a rewarding experience for any 
scientist to visit Czechoslovakia. Ar- 
rangements for trips are most easily 
handled through the Foreign Depart- 
ment of the Czechoslovakian Academy 
of Sciences in Prague. I also hope that 
it will be possible for Czechoslovakian 
scientists to come and work for some 
time in the United States. 

It is remarkable how much has been 
accomplished during the last 10 years 
in the field of science in Czechoslo- 
vakia, particularly after the complete 
suspension of all teaching and most 
research during the war years, when 
the universities were closed. In this 
resurgence of science, Russian and Po- 
lish scientists have played an important 
role, inasmuch as Czechoslovakians re- 
ceived most of their foreign training in 
those countries. 

There are some interesting new devel- 
opments in Czechoslovakian science. 
Since no young, trained people were 
available for research at the end of the 
war, a new system of apprenticeship 
was inaugurated in the institutions. 
These positions could be filled by young 
persons who wished to become scien- 
tists but who had no formal training 





in research at the universities. These 
persons are employed for a 3-year 
period, working with qualified research 
scientists and thus becoming acquainted 
with various research techniques. After 
this 3-year apprenticeship they receive 
a diploma and can continue working at 
the universities. In this way students 
can acquire research experience with- 
out overburdening the universities. 

Botanical research problems under 
investigation at the universities and 
research institutes cover the same range 
as in the United States, with probably 
somewhat less emphasis on _ genetics 
and more on ecology. One interesting 
development was that several botanists 
were engaged in producing film se- 
quences on their research work to be 
shown as “shorts” in the State movie 
theaters. They were surprised to learn 
that such educational films are not 
shown in the United States. But they 
never had seen any of Disney’s natural 
history films. It would be an excellent 
idea if such films could be shown, to 
acquaint Czechoslovakians with another 
side of our cultural accomplishments 
and to show that people here in the 
United States are also concerned with 
problems other than atomic bombs 
and rockets. 

F. W. WENT 

Missouri Botanical Garden, 
St. Louis, Missouri 


The Space Race 


A journey through Lebanon, Syria, 
Jordan, and Israel during October and 
November 1959 brought to my atten- 
tion a significant attitude concerning the 
United States—U.S.S.R. “space race” 
and its effect on other peoples as a 
measure of the prestige position of the 
two protagonists [see the editorial 
“Space exploration as propaganda,” Sci- 
ence 131, 799 (1960)]. 

A high percentage of the people with 
whom I talked could hardly care less, 
A typical comment was the bitter one 
that for the cost of one moon shot either 
great country could irrigate and make 
fruitful such-and-such a valley. To 
farmers grimly hoping for enough rain 
this spring to fill the cisterns on which 
their farms must depend through the 
summer ahead, the space race is im- 
material. 

In evaluating the propaganda effect 
of such efforts as space exploration, we 
must not assume that these operations 
are as important to persons of other 
cultural backgrounds as they are to us. 
To a man whose immediate problem 
is his next meal, the moon is very far 
away indeed. 

JAMES L. SWAUGER 
Carnegie Museum, 
Pittsburgh, Pennsylvania 
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ANOTHER EXAMPLE OF THE EXPANDING KIMBLE LINE 


TEFLON is a registered trade-mark 
of E. I. duPont & Co., Inc. 
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*Stopcock #41004F above manufactured under FISCHER & PORTER 





Patent No. 2,876,985. 


Simplicity of design makes Kimble Stopcocks with 


TEFLON® Plugs easy to use, maintain and clean 


New Kimble Stopcocks with TEFLON 

plugs are superior because: 

1. Plugs consist of only three parts 

2, All three parts are made of self- 
lubricating, chemically inert 
TEFLON 

therefore Kimble apparatus 
and TEFLON plugs... 

* can be autoclaved 

*can be cleaned in acids, alkalis or 
organics, hot or cold 

* will not corrode—there are no metal 
parts 

can be positively controlled and 
adjusted—you don’t rely on the 
whim of a spring 


e won’t bind or leak—accomplished 
by exaggerated 1:5 taper of plugs 
in polished glass barrels 

e won't freeze because TEFLON is 
chemically inert 


And, threads are exceptionally heavy 
and coarse to eliminate stripping. 





Your dealer has stocks of new Kimble 
apparatus with TEFLON plugs. They 
are also listed in the new Kimble 
Catalog Supplement SP-57. For your 
free copy, write to Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, 
Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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“New addition” 


Now! Kimble adds plugs with metering valve 
to its TEFLON line. They provide ultra-precise 
control. Construction is simple for ease of clean- 
ing and use. Available as plug replacement 
(Catalog #41575F) or in straight bore stopcock 
#41002F or capillary stopcock #41007F. 


Owens-ILLINnoIs 


GENERAL OFFICES +» TOLEDO 1, OHIO 
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APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 


Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
Belmont Plaza 8.50 14.00 15.50 30.00 and up 
Waldorf-Astoria 10.00 16.00 18.00 45.00 and up 











* All rates are subject to a 5% New York City tax on hotel room occupancy. 


——-—-—-—--—-—-—-—---- THIS IS YOUR HOUSING RESERVATION COUPON -.——-————-———-—-—-- 
AAAS Housing Bureau 

90 East 42nd Street Date of Application. ..5:.0s<c inguin 

New York 17, N.Y. 

Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 


TYPE OF ACCOMMODATION DESIRED 
Binble Room =o. Fees cece Double-Bedded Room ........ .ssceeee es 2 Win-Beadded Reom. | «..4.\.2:c55 nen 


ee ack See Desired Rate..... era a .» Maximum Rate. jc. 6c iV sce an are arn ue olan ee 
(Desired rate and maximum rate apply only to suites) 


amber Insparty. 3: 0058 shoes Bee thiS TOON WIN BEF wo... os 6, cam cpngen oan ose a ba tiie ce RO EAR | Alia ee 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


ANU GCRMDE NE 88 5c Poa Ths ek Second Choice Hotel .................... Third Choice Hotel .........5<¢0.3.00 
SASL ES: COR PR a sie oi is fakaoehe wi tS ARM See cos : DEPARTURE DATBE » 0200556000004 cick See 
(These must be indicated—add approximate hour, A.M. or P.M.) 
PUPAE. 5 isin sn nu Wecsemiaie dag teas Sosa sacehs 004. gh sac) 18 © 0's. Saked. 669 0:5c 0 0/F NES U8 686 gM oud reco leaks FE Cle a eal ann ED ee ae 
(Individual requesting reservation) (Please print or type) 
TODRESS oo SS eee hin hss 6 25 stds Aah a pas Sk O cov vel 5 cabiigenely aru! eke as lbce goP SPITE ecto a a ce 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
382 \ SCIENCE, VOL. 1 



































































































































A single source for all your 
spectro needs... Ultraviolet, 
Visible, and Near-Infrared spectro- 
photometers. Only Beckman 

offers five different manual and 
automatic recording instruments, 
with wavelength ranges for all 
requirements, from 170 to 3500 mz. 
Each is the product of Beckman 
engineering experience and 
leadership spanning more than 

20 years. You can choose the 

new, low-cost DB* for manual 
direct-reading, or automatic recording 
with potentiometric recorder. .. 

the Model B for fast, accurate, 
routine analyses...the DU®, world- 
renowned laboratory workhorse... 
or the versatile ratio-recording 
DK*-1 and DK-2 (also customized 
for far-UV). One of these Beckman 
precision instruments will serve 
your specific applications best. You 
don’t pay for more, nor accept 

less than you require. % In 
addition, with Beckman, you gain 
maximum measurement versatility 
through a full line of accessory 
attachments and absorption cells... 
skilled application engineering 

to help you with your sampling and 
measurement problems. ..prompt 
attention from a large complement 
of dealer sales and service 
personnel in more than 110 U.S. 
and Canadian locations. For 
details, call your Beckman dealer 
or write for Data File 38-33-03. 


Beckmar 
ow ~_ Process | Instruments Division 
Beckman Instruments, Inc. 


2500 Fullerton Road, 
Cy Fullerton, California 


3 YEARS 
95 .. Ss 


*Trademark, Beckman Instruments, Inc. _ 











The Cooke M15 ...a laboratory microscope with superior 











optical performance. Its clean design and precision construction 
offer unequalled convenience, versatility and durability. 
Manufactured at York in England... 
specifications on all models available on request... 


Model MI5BY, illustrated above, 30X to 1000X, F. O. B. Boston, $429. 


COOKE TROUGATON & SIMMS, incorPoraTED 


91 WAITE STREET, MALDEN 48, MASSACHUSETTS « IN CANADA: 77 GRENVILLE STREET, TORONTO 
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A Plank for Science 


The main functions of the national conventions of the major political 
parties are to nominate candidates for the presidency and the vice- 
presidency and to adopt a platform. We shall here confine our attention 
to the platforms, which are traditionally statements of party principles 
and policies. Platforms follow classical lines: the party in power pledges 
to continue and expand the programs successfully launched under its 
guidance, excoriates the opposition, praises its own administration, takes 
credit for the favorable events that occurred during its tenure of office. 
minimizes setbacks, and paints a grim picture of the evils that would 
befall the nation should the voters make the mistake of turning control 
of the government over to the other party. The opposition pledges itself 
to introduce new legislation to remedy the mistakes of the party in power, 
to infuse new energy into programs begun under its aegis but allowed to 
languish during the current administration, excoriates the incumbents. 
maximizes their reversals, minimizes their accomplishments, and promises 
to restore the republic to the happy state it enjoyed before it was brought 
to the brink of ruin by maladministration. 

Platforms have been variously described as “something to run on but 
not to stand on,” as “masterpieces of ambiguity,” and as documents “full 
of sound and fury, signifying everything.” But they are more than this. 
Their form is dictated by their function. They are designed to weld the 
party into unity, and hence must represent the least common denominator 
of party opinion. They commonly incorporate the major advances made 
by either party in the past and thus reflect changing concepts of govern- 
ment. A platform is no blueprint for specific action. It is rather an 
expression of general intent, and as such has something of the force of 
a moral commitment. 

Platforms inevitably reflect current preoccupations of the nation: for 
some years there have been planks about labor, agriculture, health, 
foreign policy, domestic affairs, and so on in the platforms of both 
parties. This year, both Republicans and Democrats have included planks 
about science. Both parties favor accelerated space research and the 
international control of space and pursuit of research in atomic energy 
and medicine. They differ in the amount of detail they devote to basic 
research and to the role of the government in science. The Democrats 
“recognize the special role of the Federal Government in the support of 
basic and applied research” and stress especially ar intensified program 
of reactor research for nuclear power. The Republicans are more specific 
about basic research: they recognize that “our continuing and great 
national need is for basic research”; they call for the federal government 
to support the basic research that industry cannot be expected to pursue. 
They advocate allowance of reasonable charges for overhead on research 
contracts, a matter that is not touched upon in the Democratic platform. 
The Democrats are also silent about the organization of the government 
for scientific administration and advice, but the Republicans advocate 
continuation of the President’s Scientific Advisory Committee and of 
the Federal Council for Science and Technology. The Democrats plump 
for an expanded program in oceanography, a field not mentioned by the 
Republicans. 

That the parties differ in detail is of less significance than that 
they agree on one major point: for the first time in history both have 
made the support and organization of science a major plank in their 
platforms.—G.DuS. 






ii STEREOZOOM* 
N FW MICROSCOPES 
BY BAUSCH & LOMB! 


Breaking all sales records! Just try one in a free laboratory demon- 
stration and you'll soon see why ... they’re the newest step forward 
to faster and easier 3D work. 





EXCLUSIVE NEW OPTICS! 


Get StereoZoom .. . continuously variable power! 
Just a turn of the knob gives an infinite choice of 
magnifications throughout the whole stereo range... 
to 120X on some models. 





EXCLUSIVE NEW POWER POD DESIGN! 


A wholly enclosed optical system in a single unit. Keeps 
out dust and dirt; eliminates old fashioned nosepieces, 
annoying image jump and blackout. NEW VERSATILITY, 
TOO! Your choice of StereoZoom or fixed power in a Power 
Pod that interchanges among any of the five basic stands. 








BAUSCH & LOMB INCORPORATED 














| | 
NEW LOW PRICE! | 64208 Bausch St., Rochester 2, N. Y. 
About 44 lower than previous line. | ( Send me new B&L StereoZoom Catalog D-15. | 
| CJ Schedule a demonstration at my convenience. | 
*Trademark, Bausch & Lomb Incorporated Name, Title 
BAUSCH 6 LOMB }iiiiedaiad 
LI | ’ Address | 
a | City Zone ........ ee 1 
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CURRENT PROBLEMS IN RESEARCH 





High Magnetic Field 


Research 


Magnetic pressure can move mountains of metal or 
plasma for the engineer, and atoms for the physicist. 


The opposition encountered in bring- 
ing together two like magnetic poles is 
somewhat like the opposition of a gas 
to compression between two pistons. 
This item of common experience has 
its exact formulation in terms of Max- 
well’s electromagnetic field theory. 
Magnetic field is said to possess an 
energy density which is analogous to 
the thermal energy density of a gas. 
When a region of magnetic field is com- 
pressed or distorted, its energy content 
is raised. Accordingly, the action that 
generates the compression or distortion 
must be associated with the perform- 
ance of work against a magnetic pres- 
sure, analogous to the thermal pressure 
of a gas. 

To be more specific, the energy den- 
sity associated with a magnetic field B, 
measured in gauss, is B°’/87, measured 
in ergs. A magnetic field of 1 megagauss 
has an energy density of 40 x 10° ergs, 
or 1000 calories, per cubic centimeter, 
which is comparable to the chemical 
energy density of high explosives. The 
pressure that is exerted at the bounda- 
ries of a region of magnetic field B is 
also given by B*/8, measured in dynes. 
At 1 megagauss, the magnetic pressure 
is 40 X 10° dynes, or 560,000 pounds 
per square inch, which is comparable 





The author is on the staff of the University of 
California’s Lawrence Radiation Laboratory, 
Livermore, Calif. 
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to the yield points of the toughest 
metals. For many purposes, what mat- 
ters is not the maximum pressure that 
a given magnetic field is capable of 
exerting but the pressure differential as- 
sociated with a small local increment or 
decrement AB. Simple algebra shows 
that the corresponding differential in 
pressure (and energy density) is given 
by BAB/4r. 


Applications of High 
Magnetic Fields 


The achievement of very high mag- 
netic fields has its obvious uses in pure 
and applied research. For instance, the 
confinement of a hot plasma in a “mag- 
netic bottle” (the major problem in the 
development of fusion power) evidently 
requires a magnetic pressure at least 
equal to the pressure of the plasma con- 
fined. For reasons of stability, the main 
trend of fusion research is currently to- 
wards magnetic bottles where the plas- 
ma creates only a small perturbation 
AB in the magnetic field structure. To 
confine typically interesting plasma tem- 
peratures and densities of 10° degrees 
and 10” particles per cubic centimeter, 
a magnetic field of 50 kilogauss or so 
will be needed, and the scaling laws are 
such that operation at still higher fields 
becomes increasingly attractive. If there 
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were no problems and expenses in- 
volved in bottling the magnetic bottle 
itself in a system of conductors, the 
problem of bottling a thermonuclear 
plasma would be very greatly simplified. 

It is instructive to contrast plasma 
containment in a magnetic bottle with 
particle containment in a high-energy 
accelerator. A stream of particles in 
orbit may be thought of as a loop of 
current producing a mean magnetic 
field perturbation AB. In a typical ac- 
celerator, with guide field B, the inter- 
action energy density BAB/4r is in- 
finitesimal compared with B*/8z, and 
therefore the loss of the particle stream 
by plasma-type instabilities is out of the 
question. The main limitation is to be 
found precisely in the weakness of the 
magnetic interaction force. When con- 
ventional iron-core electromagnets are 
used, as has been the practice, the 
strength of the guide field is limited to 
20 kilogauss, and the centrifugal tend- 
ency of the particles can be moderated 
only by resorting to physically large 
orbits. The 25-Bev proton accelerators 
being put into operation at CERN and 
at Brookhaven National Laboratory 
have diameters of about 100 meters. 
The attainment of substantially higher 
energies along the same technological 
route is thus limited by obvious finan- 
cial and geological considerations. An 
alternative is to employ air-core mag- 
nets and begin to operate in the 100- 
to 500-kilogauss range, thereby reduc- 
ing the physical scale by a factor of 5 
to 25. 

High magnetic field research can be 
divided more or less neatly into two 
categories. Some branches of research 
are concerned with high magnetic ener- 
gy densities as such. An important ex- 
ample is the controlled-fusion project. 
There are technologically similar proj- 
ects that concern themselves with the 
use of magnetic pressure for the pro- 
pulsion of plasma streams or test pro- 
jectiles to extreme velocities. The basic 
line of research in this category is, of 
course, the technology of high field 
generation itself, which is discussed in 
some detail below. 

To the second category belong re- 
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search applications based on the inter- 
action energy density of a high mag- 
netic field interacting not with itself but 
with infinitesimal perturbation fields. 
The example of the particle accelerator 
has been given. A much more general 
example is the use of high applied fields 
to interact with microscopic field re- 
gions inside matter. The high-field 
Zeeman effect, and the various galvano- 
magnetic, paramagnetic, diamagnetic, 
ferromagnetic, antiferromagnetic, and 
associated resonant effects, to mention 
a few, are all dependent on the tran- 
scendence of a magnetic interaction 
energy beyond the reach of some dis- 
turbing influence. The magnetic pertur- 
bation fields AB associated with atomic 
electron orbits, while confined to ex- 
tremely small volumes, of 10™” cubic 
centimeter or so, have large local ampli- 
tudes, easily falling into the 10° to 10° 
gauss range. The various electron orbits 
within an atom interact magnetically 
with each other. The application of an 
external B sufficiently strong to dwarf 
the individual AB’s (and make the 
energy density BAB/47 locally tran- 
scend the energy densities AB*/87) evi- 
dently calls for at least 1 megagauss. 
Since atomic volumes are so small, how- 
ever, the total energy involved in the 
interaction of an atomic electron with 
a megagauss field corresponds to some- 
thing rather less than mean thermal 
energy at room temperature. Moreover, 
the magnetic perturbations produced by 
different atoms tend to be random, and 
so the macroscopic reaction on the ap- 
plied magnetic field is usually quite 
negligible. A familiar exception occurs 
in the case of ferromagnetic materials, 
where large conglomerates of atoms 
may act cooperatively to produce mac- 
roscopic fields of some tens of kilo- 
gauss. Even then the energy density in- 
volved amounts only to a fraction of a 
calorie per cubic centimeter. 

Many magnetic properties of matter 
depend on the frequency of free elec- 
tron gyration in an applied magnetic 
field relative to the frequency of elec- 
tron collisions with various atomic ob- 
stacles. The gyration frequency is pro- 
portional to the strength of the applied 
magnetic field, while the rate of colli- 
sion depends on the thermal velocity. 
The ratio of these two numbers de- 
termines whether electrons will gyrate 
in the magnetic field or follow random- 
ly broken paths. For solid-state experi- 
ments that depend on the resonant ac- 
celeration of electrons in magnetic 
orbits, the collisional effect is about as 
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disturbing as the presence of air inside 
a particle accelerator. When conven- 
tional field strengths of 20 kilogauss or 
less are used, such experiments must be 
conducted at very low temperatures, 
and a great many cannot be done at all. 
With megagauss fields, a new range of 
experimentation: becomes accessible, 
some of it even at room temperature. 
Evidently, however, there are solid- 
state experiments that still cannot be 
done at all, and that await the further 
development of high-field technology. 

The relative feebleness of available 
magnetic field strengths becomes espe- 
cially noticeable in relation to the fields 
produced by the motion of charged 
particles in the nucleus. Over typical 
nuclear volumes of 10 cubic centi- 
meter, there are magnetic fields in the 
10° gauss range. It appears unlikely 
that individual nucleons could be de- 
coupled from each other and coupled 
to an external field. On the other hand, 
the total energy of interaction between 
a nucleus and an applied field of 1 
megagauss corresponds to a_ thermal 
energy of only a few hundredths of a 
degree. Accordingly, experiments de- 
signed to align nuclei magnetically, in 
the face of disruptive thermal agitation, 
must be conducted either at extremely 
low temperature or in an extremely 
high applied field. These simple con- 
siderations illustrate how the strength 
of microscopic fields and their minus- 
cule spatial extent provide separate in- 
centives for the development of high- 
field techniques. 

In high-energy physics, the most 
common use of magnetic fields is that 
already mentioned of guiding energetic 
particles along paths that are more or 
less strongly curved, depending on the 
field strength and the particle momen- 
tum. In many special cases, the use of 
conventionally weak fields has disad- 
vantages that go beyond the practical 
inconvenience inherent in very. large- 
scale installations. For example, if the 
magnetic analysis of secondary beams 
involving short-lived particles is not 
performed in as short a distance as pos- 
sible, the desired beam component may 
disappear in the process of analysis. 

Many high-energy experiments are 
carried out in media sensitive to the 
passage of particles, such as photo- 
graphic emulsions, bubble chambers, or 
cloud chambers. The medium acts both 
as a target material and a detector of 
particle paths. A magnetic field is im- 
posed whenever possible, for the pur- 
pose of momentum analysis; but if the 


medium is very dense and the applied 
field is conventionally weak, the ran- 
dom scattering of particle paths by col- 
lisions. will mask their curvature in the 
magnetic field. Magnetic analysis has 
been used consistently in cloud cham- 
bers and low-density bubble chambers 
at 20 kilogauss or so but is only now 
coming into use with emulsion stacks 
and high-density bubble chambers, at 
applied fields of a few hundred kilo- 
gauss. 


Magnetic Field as a 
“Two-Dimensional Gas” 


In order to gain insight into the basic 
problems of high-field technology, it is 
often convenient to abandon familiar 
pictures of magnetic fields and forces 
produced by currents in wires and to 
think instead of the magnetic field as a 
sort of two-dimensional gas, with the 
flux lines taking the place of gas mole- 
cules. This analogy becomes exact for 
systems that are infinite and uniform 
along the direction of the field. 

Consider, for example, an_ infinite 
tube of conductive material, containing 
an axial magnetic field. If the material 
has zero electrical resistivity, the field 
may be confined entirely to the tube 
bore (Fig. 1a), and there will exist an 
azimuthal surface current “generating” 
or “generated by” the magnetic field. 
The radial pressure exerted on the tube 
surface will be the same as the energy 
density of the magnetic field—namely, 
B’/87. By executing an imaginary ra- 
dial displacement of the tube wall, it 
is easy to show that the algebraic 
identity of pressure and energy density 
is typical of a two-dimensional ideal 
gas. 

If we now assign a finite resistivity 
to the tube material, the magnetic field 
will begin to “leak” radially outward, 
just like a gas confined in a porous 
vessel (Fig. 1b). The current associated 
with the magnetic field boundary will 
also spread to the volume of the tube, 
and like the magnetic field, it can do so 
only gradually. This is the basis of the 
“skin effect” familiar in high-frequency 
electrical engineering. As the magnetic 
field expands into the tube wall, it does 
work, and this corresponds to the ap- 
pearance of Joule heat. The density of 
the work performed is, roughly speak- 
ing, equal to B’/8. Hence, we can cal- 
culate the temperature rise at the sur- 
face of the tube quite independently of 
the assumed resistivity, depending only 
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on the heat capacity per unit volume, 
which for most solids is unity, at room 
temperature. When a megagauss field 
has leaked out, the tube surface tem- 
perature will have risen by some thou- 
sands of degrees. 

We can now state a basic (approxi- 
mate) scaling law relating to the gen- 
eration of high fields in solid metal sys- 
tems: The confinement of a magnetic 
energy density corresponding to 1 
megagauss creates a surface tempera- 
ture comparable to the melting points 
of metals, as well as a pressure com- 
parable to their mechanical yield points. 
The theoretical expectations for soft 
metals with low melting points, like 
copper or aluminum, are of course 
much lower than those for hard metals 
with high melting points, like tungsten 
or certain copper alloys. It is only with 
the latter than one can hope to support 
megagauss fields without incurring 
damage. 

Magnetic field leakage into a con- 
ductor is a diffusion process of the 
standard sort, with a diffusion constant 
which is just equal to the resistivity of 
the conductor. Thus we arrive at a sec- 
ond basic scaling law of high-field tech- 
nology: The confinement time of a 
magnetic flux in a system of conduc- 
tors is proportional to the conductivity 
and the cross-sectional area of the sys- 
tem. For copper systems of 10-centi- 
meter diameter, the confinement time 
is roughly 0.1 second. 

The diffusion of heat in metals fol- 
lows the same scaling law as the dif- 
fusion of magnetic field, but with a 
different and usually much smaller dif- 
fusion constant. Thus, heat conduc- 
tion ordinarily has little moderating 
effect on the high temperatures reached 
transiently during the leakage of a con- 
fined magnetic field out of a solid metal 
tube. 

If we make a radial slit in our field- 
confining tube (Fig. 1c), a voltage can 
be applied, and additional magnetic 
flux can be introduced through the :lit 
at a rate equal to the applied voltage. 
The voltage source may be thought of 
as the pump which supplies the mag- 
netic “gas” to its tubular reservoir, 
from which it is continuously leaking. 
In steady-state operation, the rate of 
work done by the pump will be equal 
to the magnetic energy stored in the 
tube, divided by the leakage time. The 
power requirement on the pump does 
not depend on the area of the tube, 
since the area and the leakage time 
have the same dimensional dependence. 
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The power required to maintain a 100- 
kilogauss field in copper at room tem- 
perature can thus be expressed simply 
as about 100 kilowatts per centimeter of 
length. The steady-state confinement of 
a 1-megagauss field (which no high- 
field experimenter thinks seriously of 
attempting at present) would impose 
the alarming requirement of 10 mega- 
watts per centimeter. 

Transient high-field generation has 
the great advantage that electrical 
energy can be accumulated at low mean 
power in a capacitor bank or a motor 
generator and then suddenly converted 
into magnetic energy, producing 
enormous instantaneous power. If the 
introduction of the desired magnetic 
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Fig. 1. Cross-section of an infinite flux- 
confining tube. Arrows represent the cur- 
rent, and dots represent the magnetic field. 
The magnetic return flux is not shown. 
(a) Initial state; (6) outward diffusion of 
magnetic field; (c) steady state. 


flux into the tube is accomplished in 
a time that is short compared with the 
magnetic leakage time, the situation 
shown in Fig. 1a will be approximated. 


‘In that case, the energy per centimeter 


of tube length needed to produce a 
magnetic field B, is just B’/8x times 
the inside tube area. If the process of 
flux introduction consumes several leak- 
age times, much more electrical energy 
is needed to reach the same peak mag- 
netic field. Thus, it is easy to calculate 
that, for the sake of efficiency, copper 
systems of centimeter size must operate 
in the millisecond range, while sys- 
tems that are smaller or made of less 
conductive metals, such as the harder 
alloys of copper, will do best with still 
shorter pulse times. 

The cost of producing rapidly de- 
liverable energy is substantial and rep- 
resents one of the prime limitations on 
the size and strength of pulsed high- 
field equipment. At 1 megagauss, the 
quantity B’/8x corresponds to 4000 
joules per cubic centimeter, or at 
least $500 per cubic centimeter, if the 
energy comes from a capacitor instal- 
lation. When the field volume is suf- 
ficiently great so that the flux-leakage 
time can be made to exceed 0.1 sec- 
ond, rotating electrical equipment be- 
comes readily applicable, and the cost 
per cubic centimeter may drop by an 
order of magnitude. 

In_ electrically efficient systems, 
where the situation of Fig. la is ap- 
proximated, the rise in surface tempera- 
ture is held to the theoretical minimum. 
Slower and less efficient systems imply 
higher temperatures in the conductor, 
and steady-state systems tend toward 
infinitely high temperature. The salva- 
tion of direct-current high-field mag- 
nets lies in honeycombing the conduc- 
tor with coolant ducts. The low ratio 
of thermal to electrical conductivity 
is then offset by the shortness of the 
distance through which Joule heat must 
travel in order to be removed, relative 
to the distance through which the mag- 
netic flux must leak in order to escape. 
The technical problems involved in this 
operation are such that the 100-kilo- 
gauss magnet built by Francis Bitter 
(J) in the 1930's still represents a rec- 
ord achievement. A 250-kilogauss di- 
rect-current installation (2), which was 
recently designed on the basis of im- 
proved rates of transfer of heat to cool- 
ant, may go into operation in the next 
few years. 

With the honeycomb cooling tech- 
nique and the moderate field strengths 
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that are typical of direct-current high- 
field magnets, extreme low-temperature 
operation becomes somewhat attrac- 
tive. At liquid helium temperature, the 
conductivity of certain pure metals 
improves by three orders of magni- 
tude. The flux-leakage time is corre- 
spondingly greater, and the direct- 
power requirement and Joule-heating 
rate are correspondingly less. At such 
a low temperature, some materials have 
ratios of thermal to electrical diffusion 
constant greater than unity, and the 
heat-removal problem is thus further 
eased. On the basis of these ideas, vari- 
ous direct-current magnets with field 
strengths between 50 and 100 kilogauss 
have been operated with low-tempera- 
ture coolants, including liquid hydro- 
gen (3) and liquid air. The main draw- 
backs of this type of operation are the 
complexity and expense of the equip- 
ment and the magnitude of the indi- 
rect power requirement for producing 
the low-temperature coolant. Recent 
calculations by Post and Taylor (4) 
have shown that very large low-temp- 
erature systems are highly profitable, 
and so we may perhaps look forward 
to an era of refrigerated high-energy 
accelerators and fusion reactors. 


Some Approaches to 
High-Field Technology 


The design of actual high-field equip- 
ment is governed by basic considera- 
tions very similar’ to those developed 
for the infinite tube of Fig. 1. In sys- 
tems of increased complexity, certain 
limitations can be removed. On the 
other hand, there arise vexatious prac- 
tical requirements, such as the genera- 
tion of the circulating current associated 
with the confined magnetic field. Rough- 
ly speaking, 1 gauss is associated with 1 
ampere per centimeter of tube length. 
How to generate currents of some meg- 
amperes, as required for a megagauss 
field volume some centimeters in length, 
is by no means a trivial problem. 

Five main technological avenues 
have been followed to produce high 
magnetic fields: (i) reduction of the 
input current requirement by means of 
a tubular coil wound of insulated wire; 
(ii) direct adoption of the solid tube 
design, with a straight or helical slit; 
(iii) use of motional effects in solid 
but nonrigid tubes; (iv) use of conduc- 
tive fluid; (v) reduction of magnetic 
forces by means of force-free geometric 
designs. These techniques are briefly 
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Fig. 2. Slightly modified form of the Bit- 
ter coil construction, as employed in a 
300-kilogauss pulsed magnet (2.25-inch in- 
side diameter) recently built by Birdsall 
and Furth at the Lawrence Radiation Lab- 
oratory. 


discussed in the following paragraphs. 

Wire-wound coils. The foundations 
of high-field research were laid in the 
1920’s by the Russian scientist P. Ka- 
pitza (5), who was then working at 
Cambridge, England. His coils were 
wound of several layers of thick bronze 
wire, surrounding an experimental vol- 
ume of several cubic centimeters. By 
short-circuiting a specially built motor 
generator, he was able to produce 320- 
kilogauss pulses in the millisecond 
range. To judge from Kapitza’s large- 
scale conduct of solid-state experiments 
(6), this installation must have per- 
formed very satisfactorily. 

For some 20 years after Kapitza’s 
work there were no major innovations 
in technique. Capacitor banks or low- 
temperature cooling, or both, were used 
by some experimenters, but the size and 
strength of their magnets were modest 
as compared with Kapitza’s. 

High-field experimentation on the 
heroic scale was resumed only in 1954— 
55, behind the formerly closed doors of 
the controlled-fusion project ‘“Sher- 
wood.” F. H. Coensgen (7) developed 
high-field coils made of copper wind- 
ings embedded in a Fiberglas-base plas- 
tic and was able to reach 450 kilogauss 
over a a 100 cubic centimeter volume 
during millisecond times, by discharging 
a high-voltage capacitor bank. Coils of 
the same type, of 200-kilogauss strength 
with 10° cubic centimeter volumes, are 
still in daily use in “mirror machine” 
work (8), and a 70-kilogauss coil of 
10° cubic centimeter volume is being 
put into operation. 

On comparing the wire-wound coil 
with the solid tube of Fig. 1, one notes 
a number of important differences, 
aside from the obvious reduction in the 
input current requirement. When there 


are several concentric layers of wind- 
ings, the same current must flow through 
all, and so even a very rapidly pulsed 
field will appear simultaneously through- 
out the body of the coil instead of ap- 
pearing first inside the coil bore and 
gradually diffusing into the body. A 
multilayer coil in short-pulse operation 
is therefore more wasteful of stray mag- 
netic energy than a solid tube. On the 
other hand, one can show that the en- 
forced distribution of the coil current 
over the whole coil body makes it possi- 
ble to reduce the rise in temperature to 
an arbitrary low if there is a sufficiently 
short pulse. The danger of melting can 
thus be removed in a wire-wound coil, 
but the danger of bursting is always 
very much aggravated, because of the 
relative fragility of the composite wire- 
insulator structure. 

Solid metal coils. A practical coil re- 
sembling the flux-confining tube of Fig. 
| was first devised by Bitter (7) for his 
direct-current magnets. Bitter’s coil is 
made of alternate copper and mica 
washers, each having a radial slit. 
These washers are stacked up artfully 
to form a solid tube with a helically 
winding slit (see Fig. 2). The Bitter coil 
is thus in effect a monolayer multiturn 
coil. 

In 1954, R. W. Waniek and I began 
a high-field project at the Harvard Cy- 
clotron Laboratory, aimed at providing 
accessory magnets for accelerator ex- 
periments (9). In view of the second- 
rate mechanical properties of wire- 
wound coil structures, our thinking 
turned to coils made of more or less 
solid metal. We began with an effort 
to exploit the high-field potentialities of 
Bitter’s coil design in combination with 
Kapitza’s pulse technique and the use 
of hard metals. To obtain the large cur- 
rents required for coils with a small 
number of turns, we discharged low- 
voltage capacitors during 100-micro- 
second times directly into our coils, or 
during millisecond times, through a 
pulse transformer. With a rather modest 
technological investment, we were able 
to reach 600-kilogauss fields over 0.1 
cubic centimeter volumes by the sum- 
mer of 1955. Concurrently, we began 
to put our magnets to use in some sim- 
ple semiconductor experiments (J0). 

Collaboration was established with 
the nearby Lincoln Laboratory, where 
B. Lax and his associates had become 
interested in applying our high-current, 
solid-metal technique in their own solid- 
state research. Various useful innova- 
tions were made at Lincoln, notably the 
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machining of the helical slit directly in- 
to a solid tube instead of generation of 
the slit by an assembly process of the 
Bitter type. Fields as high as 750 kilo- 
gauss over 0.1 cubic centimeter vol- 
umes, during 100-microsecond pulse 
times, were soon reported by S. Foner 
and H. H. Kolm (//). A series of mag- 
netic resonance experiments (/2) was 
performed at the 100- to 300-kilogauss 
level. 

In the fall of 1955 we began a 
fruitful collaboration with M. A. Le- 
vine of the Cambridge Air Force Re- 
search Center. By means of high-cur- 
rent techniques developed by Levine, 
we were able to draw multimegampere 
current pulses of 15-microsecond dura- 
tion from a capacitor bank. The ex- 
tremely high input current requirement 
of the solid, single-turn coil (Fig. 1) 
could thus be met for the first time. We 
proceeded to study the field-limiting 
phenomena peculiar to various metals 
and to evolve a systematic theory of 
high-field limitations in the flux-confin- 
ing tube (/3), somewhat as outlined in 
a previous section of this article. 

Some of our single-turn coils of 0.1 
cubic centimeter volume could be 
pulsed repeatedly at fields up to 900 
kilogauss, with only minor surface 
damage. At still higher fields we began 
to find ourselves in a new domain, 
where inertia rather than tensile strength 
provided the main opposition to the 
magnetic pressure (see Fig. 3). 

The maximum distance over which a 





Fig. 3. End view of a single-turn coil 
made of beryllium copper, after pulsing at 
1.2 megagauss. The coil expanded from 
% to ¥% inch in inside diameter and suf- 
fered surface melting. 
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Fig. 4. Steel single-turn coil of 3-centimeter inside diameter, used for plasma com- 
pression at the Naval Research Laboratory. Inside the “magnetic mirror” end piece, 
field strength of 600 kilogauss has been reached. 


flux-confining tube can expand ina given 
time can be estimated by equating the 
kinetic energy density reached by the 
tube material to the work done by the 
magnetic pressure in the process of 
expansion. A megagauss field in a solid 
copper system of centimeter dimensions 
can thus be estimated to last for times 
in the 10-microsecond range, even when 
the mechanical strength of the copper 
is neglected. (Since the tensile strength 
of copper is one-tenth the value of B’/ 87 
at 1 megagauss, it may indeed be neg- 
lected.) In our experiments with 15- 
microsecond pulses, we found that peak 
fields as high as 1.6 megagauss could 
readily be reached. At the end of a 
typical pulse, the inside coil diameter 
would be distended to some five times 
its original value of about 0.3 centi- 
meter. 

During recent years, our rather prim- 
itive experiments with the solid flux- 
confining tube have been surpassed in 
many ways, both in technique and di- 
mension. Figure 4 shows a single-turn 
coil used in “magnetic mirror” plasma 
experiments by A. Kolb (/4) at the 
Naval Research Laboratory. In the mir- 
ror regions at each end, 600-kilogauss 
fields have been achieved nondestruc- 
tively over a volume of many cubic 
centimeters, during 15-microsecond 
pulse times. Hardened steel is used as 
the coil material, and many megam- 
peres of current are supplied from a 
low-inductance capacitor bank. 

The highest fields to be obtained 
nondestructively thus far have been 
achieved at the Zenith Radio Research 
Corporation by W. W. Salisbury and 
L. C. Foster (/5), and have not yet 
been reported in the literature. The 
method is based on the solid-metal sin- 


gle-turn coil principle, with the added 
feature that the input current is sup- 
plied by a wire winding, tightly sur- 
rounding the single turn. This trans- 
former-like arrangement, which is some- 
times called a “flux concentrator,” has 
the merit of reducing the input current 
requirement, though usually at the ex- 
pense of some electrical efficiency. 
Starting in 1956, on a program in- 
volving considerable metallurgical re- 
search, Salisbury and Foster found that, 
with certain high-conductivity bronzes 
and proper shaping of the inside coil 
surface, they were able to reach fields 
as high as 1.6 megagauss repeatedly in 
the same coil. 

During the past year, some very 
sophisticated flux-concentrator designs 
that combine the virtue of high elec- 
trical efficiency with that of low input 
current requirement, have been devel- 
oped at the Lincoln Laboratory. 

On the basis of these various tech- 
nological contributions, it appears that 
the use of reliable and convenient 
pulsed megagauss magnets may well 
become commonplace in physics and 
engineering during the next decade. 

Coils with mobile walls. The highest 
magnetic fields ever generated in the 
laboratory were recently reported by 
C. M. Fowler, W. B. Garn, and R. S. 
Caird (16), at Los Alamos. A thin 
copper flux-confining tube was im- 
ploded by means of high explosives, 
and a large volume of initially weak 
magnetic field was compressed up to a 
strength of 14 megagauss in a volume 
of about 2 cubic centimeters. The at- 
tainment of such a prodigious magnetic 
field, and its duration near peak for 
about 2 microseconds, is ascribable to 
the inertia of the imploded system. 
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This technique of imploding tube 
walls that are designed to be mobile 
(Fig. 5a) is superior to the simple de- 
layed-expansion technique (J3) in a 
number of ways: first, the interval of 
maximum field is extended, because the 
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Fig. 5. (a) Implosion assembly. Initial 


magnetic field B, is set up inside a copper 
tube by an auxiliary coil. The tube is then 
compressed by a high explosive. (b) “Sta- 
bilized pinch.” The initial magnetic field is 
set up in gas by an auxiliary coil. Gas is 
then ionized to form plasma and com- 
pressed by pinch field By. The copper shell 
is the return conductor for pinch current. 
(c) A force-free coil, made of helical wire 
windings separates regions of B, and Bo. 
The outer shell is the return conductor 
for coil current. 
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inward motion must be arrested before 
expansion begins; second, the energy 
stored in the magnetic field is supplied 
principally from the chemical energy 
of the high explosive, rather than from 
expensive sources of fast electrical en- 
ergy; and third, the input current re- 
quirement is small, since the current is 
amplified during the compression to the 
same extent as the magnetic field itself. 
These points are of considerable prac- 
tical importance, since the energies and 
currents associated with the Los Alamos 
experiment are measured in megajoules 
and hundreds of megamperes, respec- 
tively. 

There exist quite a few “mobile- 
wall” experiments that are similar to 
the outstanding example that has been 
given. A common idea is, for instance, 
to generate large electrical energies and 
currents for outside use in an imploded 
tube with a slit and attached leads. The 
firing of a cannon ball through a high- 
field coil has been suggested for the 
same purpose, and conversely, the firing 
of a cannon ball by a high-field coil is 
a concept that dates back half a 
century. 

Use of conductive fluid. From mo- 
bile “solid” conductors it is but a short 
step to the use of conductive fluid, such 
as plasma or liquid metal. The compres- 
sion and heating of plasma by means 
of a fast-rising magnetic field is a com- 
mon practice in controlled-fusion re- 
search. When a significant fusion power 
release has been achieved, the con- 
verse process—that of hot plasma ex- 
pansion compressing the initial field— 
will increase magnetic energy in a man- 
ner analogous to the generation of 
magnetic from chemical energy in the 
Los Alamos implosion experiment. This 
is the basis of the statement that elec- 
trical energy can be generated directly 
by a fusion reactor. 

In the “stabilized pinch” (J7), illus- 
trated in Fig. 55, an axial magnetic 
field inside a plasma is compressed by 
the azimuthal pinch magnetic field. By 
this technique, fields in the 100-kilo- 
gauss range have been achieved for 
fractions of a microsecond. Construc- 
tion of practical high-field magnets 
based on plasma does not seem very 
likely at present, because of the low 
electrical conductivities (0.001 that of 
standard copper) which have been 
achieved thus far. To obtain a con- 
ductivity comparable to that of copper 
(theoretically possible at 10 million 
degrees) appears to be about as difficult 
a problem as the control of fusion pow- 





Fig. 6. A force-free coil built at Liver- 


more Radiation Laboratory. The current 
flows along helical wires and _ returns 
through rigid outer rods (which are not 
force-free). Copper end plates (sand- 
wiched between plastic) bear the main 
pressure caused by the pulsed field. 


er itself. The main obstacle in both 
cases is that of instability phenomena. 

The use of a “flux-confining tube” 
consisting of radially inward-moving 
liquid metal has recently been sug- 
gested by H. H. Kolm as a means of 
generating strong, steady magnetic 
fields. With this ingenious technique 
(as indeed also with the Los Alamos 
implosion technique) one would again 
expect the ultimate limitations to come 
from instability phenomena. 

Force-free coils. In order to avoid al- 
together the vicissitudes experienced in 
seeking to contain extreme magnetic 
field pressures, a fifth possible approach 
may be adopted (/4). By winding coils 
three-dimensionally, instead of merely 
azimuthally, a three-dimensional mag- 
netic field, instead of a purely poloidal 
one, can be produced. As has been 
found in plasma physics, a three-dimen- 
sional magnetic field and current struc- 
ture can be made force-free, provided 
that exterior boundary conditions are 
met. These boundary conditions imply 
that a region of finite magnetic energy 
density corresponds to a finite total out- 
ward force at the boundary of the 
force-free system. The outward pres- 
sure can, however, be made arbitrarily 
small by placing the boundary at a 
sufficient distance. This is illustrated by 
the example of the “stabilized pinch,” 
where the “pressures” of the axial and 
azimuthal fields are balanced against 
each other. If the plasma is kept cold 
by loss mechanisms, the magnetic field 
exerts no net pressure at all, except 
against the current-return-conductor en- 
casing the pinch tube. As is well known, 
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the strength of the azimuthal magnetic 
field set up by passage of a current 
along a cylinder drops off in proportion 
to the radial distance from the cylinder 
axis. By making the ratio of tube radius 
to pinch radius sufficiently large, the 
magnetic field strength at the wall can 
be made lower than that at the center 
of the pinch to the extent desired. 

In seeking to produce force-free 
laboratory coils, it is natural to begin 
with structures approximating the “sta- 
bilized pinch” (Fig. 5c). A principal 
problem is how to terminate such struc- 
tures in the axial direction. One possi- 
ble approach is to imitate the toroidal 
“stabilized pinch,” where there are no 
end effects. A number of equally sim- 
ple solutions exist, resembling conven- 
tional coils more closely, and some of 
these have been built and tested at the 
Cambridge Air Force Research Center 
and at Livermore (Fig. 6). 

Fragile elements have been used in- 
tentionally in coil construction, and 


structures readily deformable by hand 
have been found to withstand pulsed 
fields in the range of 100 to 200 kilo- 
gauss. The main mode of deterioration 
at present is again the same as in plas- 
ma high-field experiments—namely, the 
loss of the equilibrium configuration by 
an unstably growing geometric pertur- 
bation. The obvious remedy is to 
improve the accuracy with which 
laboratory models are made to meet 
theoretical designs, or to reinforce ap- 
proximately force-free coils mechani- 
cally, thus preventing the initial growth 
of instabilities. 

Properly made force-free coils will 
be wound in a great many layers, and, 
as in the case of ordinary multilayer 
coils, it will be possible to reduce the 
rise in temperature to an arbitrary low 
if the pulse is sufficiently rapid. Force- 
free coils are in principle exempt from 
both of the main high-field limitations 
—that due to melting and that due to 
mechanical deformation. 


Exobiology: Approaches to 
Life beyond the Earth 


It is a privilege to discuss some basic 
problems in biology with an audience 
whose special concern is for the recent 
striking advances in the physics of the 
earth in the solar system. However, 
many of us are looking forward to the 
close investigation of the planets, and 
few inquisitive minds can fail to be 
intrigued by what these studies will tell 
of the cosmic distribution of life. To 
conform to the best of our contempo- 
tary science, much thoughtful insight, 
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meticulous planning, and laboratory 
testing must still be invested in the 
experimental approaches to this prob- 
lem. This may require international 
cooperation and also—perhaps more 
difficult—mutual understanding among 
scientific disciplines as isolated as bio- 
chemical genetics and planetary as- 
tronomy. 

Many discussions of space explora- 
tion have assumed that exobiological 
studies might await the full develop- 
ment of the technology for manned 
space flight and for the return of plane- 
tary samples to the terrestrial labora- 
tory. To be sure, these might be 
preceded by some casual experiments 
on some instrumented landings. One 
advantage of such a program is that 
time would allow exobiological experi- 
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ments to be planned with composure 
and deliberation. Undoubtedly, this 
planning would be more rigorous inso- 
far as it was based on improved knowl- 
edge, from closer approaches, of the 
chemistry and physics of planetary 
habitats. Unfortunately, this orderly 
and otherwise desirable program takes 
insufficient account of the capacity of 
living organisms to grow and spread 
throughout a new environment. This 
unique capacity of life which engages 
our deepest interest also generates our 
gravest concerns in the scientific man- 
agement of missions beyond the earth. 
On account of these, as well as of the 
immense costs of interplanetary com- 
munication, we are obliged to weigh 
the most productive experiments that 
we can do by remote instrumentation 
in early flights, whether or not manned 
space flight eventually plays a role in 
scientific exploration. 


Motivations for Exobiological Research 


The demons which lurk beyond the 
Pillars of Hercules have colored the 
folklore and literature of ages past and 
present, not always to the benefit of 
fruitful exploration and dispassionate 
scientific analysis. Apart from such 
adventuresome amusements and the 
amateur delights of a cosmically en- 
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larged natural history, how does exo- 
biology relate to contemporary science 
and culture? The exploration of space 
may seem to have very little to do with 
fundamental questions in biology or 
medicine, with the role of genes in 
embryological development, protein syn- 
thesis, the biology of viruses, and the 
evolution of species. The physical sci- 
ences may sharpen our perspective. 
Twenty-five centuries of scientific as- 
tronomy have widened the horizons of 
the physical world, and the casual place 
of the planet Earth in the expanding 
universe is a central theme in our mod- 
ern scientific culture. The dynamics of 
celestial bodies, as observed from the 
earth, is the richest inspiration for the 
generalization of our concepts of mass 
and energy throughout the universe. 
The spectra of the stars likewise testify 
to the universality of our concepts in 
chemistry. But biology has lacked tools 
for such extension, and “life’’ until now 
has meant only terrestrial life. This dis- 
parity in the domains of the physical 
versus the biological sciences attenuates 
most of our efforts to construct a 
theoretical biology as a cognate of theo- 
retical physics or chemistry. For the 
most part, biological science has been 
the rationalization of particular facts, 
and we have had all too limited a basis 
for the construction and testing of 
meaningful axioms to support a theory 
of life. At present, perhaps the only 
potentially universal principle in biology 
is the Darwinian concept of evolution 
through the natural selection of random 
hereditary fluctuations. 

Some chemical attributes of terres- 
trial life might support a claim to be 
basic principles: for example, poly- 
phosphates (adenylpyrophosphate) oc- 
cur in all organisms as coupling agents 
for the storage and transfer of metabolic 
energy. But, at least in principle, we 
can imagine that organisms may have 
found alternative solutions to the same 
problem. Only the perspective of com- 
parative biology on a cosmic scale could 
tell whether this device is an indis- 
pensable element of all life or a par- 
ticular attribute of its local occurrence 
on this planet. 

An important aim of theoretical 
biology is an abstract definition of life. 
Our only consensus so far is that such 
a definition must be arbitrary. If life 
has gradually evolved from inanimate 
matter, the demarcation of chemical 
from biological evolution is one of use- 
ful judgment. For a working principle, 
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we might again rely upon the evolution- 
ary concept: a living system has those 
properties (of  self-replication and 
metabolism) from which we may with 
more or less confidence deduce an 
evolutionary scheme that would encom- 
pass self-evidently living organisms. But 
I do not propose this as a’rote formula 
for the assessment of life on other 
celestial bodies, and certainly not before 
we have some empirical knowledge of 
the diversities of chemical evolution. 

From this standpoint, the overriding 
objective of exobiological research is to 
compare the over-all patterns of chemi- 
cal evolution of the planets, stressing 
those features which are globally char- 
acteristic of each of them. 

We are all thinking of the question: 
“Is there life on Mars?” To answer 
it may require a careful reassessment of 
our meaning of “life’ and matching 
this with the accumulation of hard- 
won evidence on the chemical compo- 
sition of that planet. On the other hand, 
we might be confronted with an object 
obviously analogous to an earthly plant, 
animal or microbe. But even this abrupt 
answer would be trivial in deference to 
a biochemical analysis of the organism 
and of its habitat for comparison with 
the fundamentals of terrestrial life. 

In our first approaches to the nearby 
planets we will wish to design experi- 
ments which have some tangible foun- 
dation in the present accumulation of 
biochemical knowledge. The aqueous 
environment, and its corollary of mod- 
erate temperatures in which large 
carbonaceous molecules are reasonably 
stable, are implicit in terrestrial bio- 
chemistry. This is not to reject the 
abstract possibility of nonaqueous life, 
or noncarbonaceous molecules that 
might characterize temperatures of 
< 200° or > 500°K. However, we 
can defer our concern for such exotic 
biological systems until we have got full 
value from our searches for the more 
familiar, and have learned enough of 
the exotic chemistry to judge how to 
proceed. 

Within the bounds of its aqueous 
environment, what are the most nearly 
universal features of terrestrial life? In 
fact, our plants, animals, and bacteria 
share a remarkable list of biochemical 
components, and a biochemist cannot 
easily distinguish extracts of yeast cells 
and beef muscle. Among these com- 
ponents, the nucleic acids warrant first 
attention. Although they constitute the 
hereditary material, so that all the 


variety of terrestrial life can be referred 
to subtle differences in the nucleic acids, 
the same basic structure is found in the 
nuclei of all cells. This a long, linear 
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The meaningful variety of nucleic acids 
depends on the specific order of the 
side group attached to each sugar on 
this monotonous backbone, a linear 
message written in a language of four 
letters, A, G, T, and C. The bacteria, 
which are the simplest free-living 
organisms, contain nucleotide sequences 
about 5 million units long; man con- 
tains sequences about 5000 million units 
long—this content being one of our 
best objective measures of biological 
complexity. On the other hand, the 
simplest viruses, which can multiply only 
inside living cells and come close to 
being single genes, have about 2500 
units per particle. Playing a central 
role in the unification of terrestrial 
biology, nucleic acids underlie both 
heredity and (through their control of 
protein synthesis) development. Are 
they the only linear polymers which 
can subsume these functions, or have 
many other fundamental types evolved, 
to be found on other celestial bodies? 

Equally general among the con- 
stituents of living cells are the proteins, 
which are also polymers, but with a 
more diverse set of constituents, some 
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20 amino acids. The fundamental back- 
bone of a protein is a poly-amino acid 
chain: 


ge ee ene ae 


R R 
ee — 


R 


where R may be any of 20 different 
groups, distinguishing a like number 
of amino acids found in natural pro- 
teins. Proteins assume a wide variety of 
three-dimensional shapes, through coil- 
ing and cross-linking of the polymer 
chains. They are in this way suited to 
perform such diverse functions as those 
of enzymes, structural elements, and 
antibodies. Not only do we find just 
the same 20 amino acids among the 
proteins of all terrestrial organisms but 
these are all the levo- isomers, although 
dextro- amino acids are found to have 
other metabolic functions. Next only 
to the incidence of nucleic acids, we 
would ask whether exobiota make 
analogous use of proteins, comprising 
the same amino acids, in hopes of 
understanding what seem to be random 
choices in the sculpture of our own 
living form. 

Common to all forms of terrestrial 
life are also a number of smaller mole- 
cules which are involved in the working 
metabolism of the cells; for example, 
most of the B vitamins have a perfectly 
general distribution. They are vitamins 
for us only because we have learned, in 
our evolutionary history, to rely on 
their production by green plants, rather 
than to synthesize them within our own 
cells. But once formed, these vitamins, 
and similar categories of substances 
such as porphyrins, play xentirely an- 
alogous roles in the metabolism of all 
cells. 

A few substances, such as the steroid 
hormones, do play special roles in the 
metabolism of higher organisms, and 
testify to some progress in biochemical 
evolution. In fact, most objective evi- 
dence points to a loss of specific func- 
tions—microorganisms are certainly 
more versatile and less dependent than 
man is on a specific nutrient mileu. 
The main trend of biochemical evo- 
lution, from microbe to man, has been 
far less the innovation of new unit 
processes than the coordination of ex- 
isting processes in time and space. 

While we propose to give first priority 
to these most general questions, they by 
no means exhaust our interest in the 
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peculiarities of extraterrestrial organ- 
isms, any more than they would for a 
newly discovered phylum of the earth’s 
own repertoire. Nor should we pre- 
clude the possibility of finding new 
organisms that might be economically 
useful to man, just as new organisms 
were among the most fruitful yields of 
geographic exploration. However, the 
enlargement of our understanding, 
rather than of our zoos and botanical 
gardens, is surely our first objective. 


Theories of the Origin of Life 


At this point, a consideration of 
contemporary theory on the origin of 
life is justified for two reasons: (i) 
exobiological research gives us a unique, 
fresh approach to this problem, and (ii) 
we can find some basis to conclude that 
life need not be so improbable an 
evolutionary development as had once 
been supposed. 

The interval between Pasteur’s work 
On spontaneous generation and the re- 
cent past has been especially difficult 
for the mechanistic interpretation of the 
origin of life. Before Pasteur’s time, 
many investigators could believe that 
simple microorganisms arose spontane- 
ously in nutrient media. His demon- 
stration that such media remained 
sterile if properly sterilized and pro- 
tected seemed to rule out any possibility 
of “spontaneous generation.” His con- 
clusion was, of course, overdrawn, 
since life must have evolved at least 
once, and the event could still occur, 
though very much less frequently than 
had been supposed before. Meanwhile, 
the problem was compounded by the 
growth of biochemical knowledge. We 
now realize that bacteria, small as they 
are, are still extremely complex, well- 
ordered, and representative organisms. 
The first organisms must have been 
far simpler than present-day free-living 
bacteria. 

With the growth of genetics since 
1900, and the recognition of the self- 
replicating gene as the elementary basis 
of life, the question could focus on 
the origin of the first genetic molecule: 
given the power of self-replication, and 
incidents of stochastic variation, Dar- 
win’s principle could account for the 
eventual emergence of any degree of 
biological complexity. 

An immense amount of fruitful 
genetic work was done in a period when 
“genetic molecule” was an abstraction 


and “self-replication” was an axiomatic 
principle whose chemical basis seemed 
beyond the grasp of human understand- 
ing. Now we recognize that the nucleic 
acids are the material basis of heredity, 
and we can begin to construct mechan- 
istic models of their replication. The 
first principle, as already stated, is that 
the gene is a string of nucleotides, each 
position in the string being marked by 
one of the four nucleotide units A, T, 
C, and G. The polymerization of such 
strings by the union of the monomeric 
units presents no fundamental prob- 
lems, but self-replication would neces- 
sitate the assembly of the units in a 
specific order, the one dictated by the 
order of the nucleotides in the parent 
molecule. The key to the solution of 
this problem was the realization by 
Watson and Crick that the complete 
nucleic acid molecule is a rigid, duplex 
structure in which two strings are 
united. In that rigid structure, as can 
be shown by suitable molecular models, 
adenine occupies a space which is just 
complementary to that of thymine, and 
cytosine is likewise complementary to 
guanine. A string can therefore repli- 
cate—that is, direct the assembly of 
another daughter string—in the follow- 
ing way. The nutrient mix of the cell 
contains all four nucleotide units. How- 
ever, at any position of the parent 
nucleic acid molecule only one of these 
four can make a suitable fit and will 
therefore be accepted. After being 
accepted, the daughter units are firmly 
bound together by new chemical link- 
ages giving a well-defined daughter 
string. Kornberg has reconstructed most 
of these events in some detail, by means 
of extracts from bacteria, to the very 
verge of proving duplication of genes 
in a chemically defined system in the 
test tube. 

However, the media in which such 
syntheses can occur, in the cell or even 
in the test tube, are extremely complex. 
Knowing that the simplest organisms 
would be the most dependent on their 
environments for raw materials, where 
did these precursors come from before 
living organisms had evolved the en- 
zymes to manufacture them? 

Thanks to the insight of Haldane, 
Oparin, Horowitz and others, we now 
realize that this paradox is a false one, 
though it dates to the confusion between 
“carbon chemistry” and “organic chem- 
istry” which still exists in English 
terminology. In fact, in 1828, Wohler 
had already shown that an organic 
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compound, urea, could be formed ex- 
perimentally from an inorganic salt, 
ammonium cyanate. A hundred years 
later, a number of routes for synthesis 
of geochemically significant amounts of 
complex organic materials were pointed 
out, for example, the hydrolysis of 
metallic carbides, and subsequent re- 
actions of olefins with water and am- 
monia. More recently, Miller and Urey 
demonstrated the actual production of 
amino acids by the action of electric 
discharges on gas mixtures containing 
the hydrides NH:, OH:, and CH:. This 
demonstration converges with other 
argument that the primitive atmosphere 
of the earth had just such a reduced 
composition, becoming oxidized sec- 
ondarily (and in part through photo- 
synthetic separation of carbon from 
oxygen). 

An alternative theory of origin of 
carbonaceous molecules is even more 
pervasive. Perhaps we associate carbon 
with lite, and rocks and metals with 
physical phenomena; beyond doubt we 
tend to connote the latter with the pre- 
dominant substance of the universe. In 
fact, as a glance at tables of cosmic 
abundance will show, the lighter ele- 
ments are by far the most prevalent, 
and after the dispersed hydrogen and 
helium these are carbon, oxygen, and 
nitrogen. The primitive condensation 
of free atoms to form the interstellar 
smoke, and eventually the stars them- 
selves, must entail the molecular aggre- 
gation H + C + O + N;; that is, a 
large fraction of the condensed mass 
of the universe must consist, or once 
have consisted, of organic macro- 
molecules of great complexity. The 
chief problem for their synthesis is in 
fact not a source of chemical energy 
but how to dissipate the excess energy 
of reactions of free atoms and radicals. 

This aspect of astrophysics may have 
place for a remote biological analogy: 
Once a few molecules have formed, 
the energy of subsequent impacts can 
be dissipated among the vibrational 
degrees of freedom. That is, such mole- 
cules can function as nuclei of con- 
densation. As seeds for further con- 
densation, those molecules will be 
favored which (i) most readily dissi- 
pate the energy of successive impacts 
and (ii) can undergo molecular fission 
to increase the number of nuclei. The 
actual molecular chemistry of the inter- 
stellar (or prestellar) smoke is thus 
subject to a kind of natural selection 
and cannot be a purely random 
sampling of available atoms. 
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Whether the earth has retained rem- 
nants of this chemistry is hard to say. 
There is at least some evidence of it in 
the spectra of comets, and fragments 
from these continue to form part of the 
meteoroidal infall. These particles, un- 
less associated with larger meteorites, 
would be unrecognizable after traversing 
the earth’s atmosphere; they are among 
the possible treasures to be found buried 
in protected crevices on the moon. 

Light traversing the interstellar 
smoke has been found to be polarized. 
If primitive aggregation plays some 
role in furnishing precursors for bio- 
logical evolution, this polarization fur- 
nishes at least one bias for a decision 
between levo- and dextro- isomers. 

At any rate, possible sources of 
probiotic nutrition no longer pose a 
problem. Before the appearance of 
voracious organisms, organic com- 
pounds would accumulate until they 
reached equilibrium with thermal and 
radiative decomposition, from which 
the oceans would furnish ample pro- 
tection. Locally, the concentration of 
the soup would be augmented by selec- 
tive evaporation, and by adsorption 
onto other minerals. The main gap in 
the theory, not yet bridged by any 
experiment, is the actual formation of 
a replicating polymer in such a morass. 
We are beginning to visualize the essen- 
tial conditions for chemical replication, 
and its ultimate realization is fore- 
shadowed both by biochemical studies 
of nucleic acids and by industrial syn- 
theses of stereospecific polymers. 

There is some controversy over 
whether nucleic acids were the first 
genes, partly because they are so com- 
plex, partly because their perfection 
hints at an interval of chemical evolu- 
tion rather than one master stroke. The 
advantage of the nucleic acid hypothesis 
is that no other self-replicating polymers 
have so far been found. But, as an 
alternative speculation, a _ simplified 
protein might replicate by the comple- 
mentary attachment of acidic versus 
basic units, perhaps the crudest possible 
method of assembly. The nucleic acids 
would be perfections on this theme for 
replication. The existent proteins do 
not replicate; with their variety of 
amino acids, they would have evolved 
as better adaptations for assuming 
specific shapes. A comparative view of 
independent evolutionary systems may 
at least serve to check such specula- 
tions. 

Although many steps in the genera- 
tion of living molecules remain to be 


re-created, we can state this as a rele- 
vant problem for exobiological study, 
with considerable optimism for the 
prevalence of life eisewhere. But a 
sterile planet, too, would be of ex- 
traordinary interest to biology for the 
insight it should give on the actual 
progress of probiotic chemical evolu- 
tion. 


Natural and Artificial Panspermia 


In the foregoing discussion it was 
tacitly assumed that the evolution of 
planetary life was a local phenomenon, 
independent of the incidence of life 
elsewhere. But, at a time when de novo 
generation seemed less plausible than 
it does now, Arrhenius defended an- 
other hypothesis: panspermia, the mi- 
gration of spores through space from 
one planet to another. The credibility 
of the panspermia hypothesis has been 
eroded mainly for two reasons: (i) 
the lack of a plausible natural mechan- 
ism for impelling a  spore-bearing 
particle out of the gravitational field of 
a planet as large as the earth, or any 
planet large enough to sustain a sig- 
nificant atmosphere, and (ii) the vul- 
nerability of such a particle to destruc- 
tion by solar radiation. In any case, 
the panspermia hypothesis could be dis- 
paraged for evading the fundamental 
problem by transposing it to an un- 
known, perhaps scientifically unknow- 
able, _ site. “These difficulties have 
impeached the standing of panspermia 
as an experimentally useful hypothesis, 
but not its immense significance for 
cosmic biology. In its defense, it might 
be indicated that, in view of the 
dormancy of microorganisms in high 
vacuum and at low temperatures and 
of their relatively low cross section for 
ionizing radiations, the hazards of ex- 
posure to space may have been ex- 
aggerated. The chief hazard to micro- 
organisms might come from _ solar 
ultraviolet radiation and the proton 
wind, but a thin layer of overlying 
material would shield a spore from 
these. For the impulsion of particles 
we might possibly appeal to impacts 
with other heliocentric bodies, be they 
grazing meteorites or planetoids in 
cataclysmic encounters—suggestions not 
more remote than those invoked for 
other astronomical phenomena. Nor 
can we be sure that all the electro- 
kinetic mechanisms which Arrhenius 
may have had in mind can be excluded 
from applying to any single particle. 
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In testing for panspermia, we would 
be concerned first of all for evidence of 
interplanetary transport of any material. 
The moon suggests itself as a nearby 
trap for particles of terrestrial origin, 
among which living spores or bio- 
chemical fragments of them, might be 
the most characteristic markers. At one 
spore per kilogram of sample (a weight 
ratio of 10”), the sensitivity of easy 
biological detection would partly com- 
pensate for the vulnerability of spores 
to physical hazards. 

The development of rocket-impelled 
spacecraft has, of course, furnished a 
mechanism for producing artificial 
panspermia. Several authors have re- 
cently revived Haldane’s passing sug- 
gestion that life might even have been 
disseminated by intelligent beings from 
other stellar systems. That another cen- 
tury of productive science and tech- 
nology could give the human species 
this capability would be hard to dispute. 
The hypothesis is connected with the 
age or agelessness of the universe, and 
until we have a basis for decision on 
this point, and can make independent 
tests for intelligent life elsewhere, it 
must join natural panspermia in the 
limbo of irrefutable, untestable scien- 
tific hypotheses. The technique for 
attempted radio communication with 
nearby stars has been detailed recently 
by Cocconi and Morrison. 

These new tools for the exploration 
of the universe have caught many of 
us unawares, and few can pretend to 
have recaptured their equilibrium in 
dealing with these concepts. Irrefutable 
notions have little scientific value unless 
they lead to attempts at verification. A 
priori arguments for the presence or 
absence of intelligent life on the planets 
or in nearby stellar systems,are equally 
unconvincing. The skepticism of most 
scientists is justified not by conviction 
but by the consistency of negative evi- 
dence in the limited scientific data that 
have so far been collected. 


Planetary Targets 


The suitability for life of the acces- 
sible bodies of the solar system has 
already received ample attention. Mars 
is, of course, the likeliest target, most 
nearly resembling the habitat of the 
earth. The indicated scarcity of free 
moisture and oxygen would severely 
limit the habitability of Mars by man 
or most terrestrial animals. However, 
there seems little doubt that many 
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simpler, earthly organisms could thrive 
there. Indeed, many students have con- 
ciuded that Mars does have a biota 
of its own. The most pertinent evi- 
dence is perhaps the infrared reflection 
spectrum recorded by Sinton which 
indicates an accumulation of hydro- 
carbonaceous materials in the dark 
areas. This is complemented by Doll- 
fus’ report (see this symposium) on 
the seasonal changes of granularity of 
these areas. The main reservation that 
must be registered is that these might 
be meteorological phenomena involving 
masses of material which may be car- 
bonaceous but not necessarily living. 
Most such material on the earth’s sur- 
face is associated with life. However, 
this may be connected with the greedy 
utilization of such compounds by or- 
ganisms rather than their production by 
vital synthesis. However, the most 
plausible explanation of the astronomi- 
cal data is that Mars is a life-bearing 
planet. (The term vegetation is often 
used; this should be discouraged if it 
implies that the Martian biota will 
necessarily fall into the taxonomic 
divisions that we know on earth.) 

The habitability of Venus is con- 
nected with its temperature, a highly 
controversial subject. Perhaps the most 
useful first contribution to the exo- 
biology of Venus would be a definitive 
measurement of its temperature profile. 
Even should the surface be unbearably 
hot, this need not preclude a more 
temperate layer at another level. 

The exposure of the nioon’s surface 
to solar radiation and the absence of a 
significant atmosphere have led scien- 
tists to discount the possibility of a lunar 
biology. However, the composition of 
the moon’s deeper layers, below even a 
few meters beneath the surface, is very 
much an open question (see Urey, this 
symposium) particularly in the light 
of Kozyrev’s recent reports of gaseous 
emissions. Realistic plans for the bio- 
logical study of the moon probably 
must await the results of chemical 
analyses. Apart from the remote pos- 
sibility of indigenous life, the moon is 
a gravitational trap for meteoroidal 
material. We may eventually be able 
to screen large quantities of this virgin 
material for what Haldane called astro- 
plankton, in an empirical test of the 
panspermia hypothesis. While exposed 
deposits would be subject to solar degra- 
dation, shaded refuges must also exist. 
Mercury may be analogous to the 
moon, except insofar as its dark side 
may furnish an even more reliable, 


though much more remote, refuge of 
this kind. 

It may be academic to discuss the 
exploration of the major planets, in 
view of their distance and the difficulty 
of deceleration in the Jovian field. 
However, their wealth of light ele- 
ments, subject to solar irradiation at 
temperatures and in gravitational fields 
very different from the earth’s, offers 
the most exciting prospects for novel 
biochemical systems. 


Experimental Approaches 


A realistic view of our limitations 
requires that our treatment of this topic 
be one of utmost humility. Useful 
landings on planetary targets are fraught 
with difficulties and hazards, and 
experiments done at a distance must 
not be overlooked in the excitement of 
planning for more adventurous mis- 
sions. Balloon- and _satellite-mounted 
telescopes can tell much about planetary 
chemistry, and hence biology, and 
probes to the vicinity of a planet can 
furnish additional information prior to 
actual landing. 

It is instructive to ask ourselves how 
we might diagnose the existence of life 
on the earth from distant observations. 
If we may judge from the photographs 
so far obtained from high-altitude 
flights, we could hope to detect only 
large-scale manifestations of organized 
culture—cities, roads, rockets. This re- 
serve may not give due credit to the 
possibilities of high-resolution pho- 
tography and sensitive infrared spec- 
trometry, and reasonable implications 
from seasonal changes in the color and 
texture of terrain. However, we may 
conclude that distant approaches will 
be invaluable for deriving preliminary 
chemical information but probably will 
not be decisive for exobiological in- 
ferences. Even if we could more surely 
decide that the Martian cycle involved 
living organisms rather than inanimate 
chemical transformations, we would 
still have little insight into the intimate 
biochemical details which are a major 
objective of exobiological research. On 
the other hand, a planet could harbor 
an extensive biota that would defy de- 
tection from a distance, like the biota 
of our own extensive deserts and deep 
waters. 

Microorganisms, for many reasons, 
are the best prospects on which to 
concentrate marginal capabilities. They 
are more likely to flourish in a minimal 
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environment than larger organisms. 
The microbes must also precede the 
macrobes in evolutionary sequence, 
though we must not suppose that 
present-day bacteria are necessarily 
very primitive. The earth is well en- 
dowed with both kinds of organisms; 
we can imagine another world with 
only microbes, but we cannot conceive 
of one lacking microbes if it bears any 
form of life at all. Likewise, taking the 
earth as a whole, we find that large 
organisms occupy only a small fraction 
of the surface. However, we can rea- 
sonably expect to find evidence of 
microscopic life in any drop of water, 
pinch of soil, or gust of wind. Given 
a limited sample for study, micro- 
biological analysis will certainly give 
the most reliable evidence for the pres- 
ence of life anywhere on the planet. 
By the same odds the greatest diversity 
of biochemical mechanisms will be 
represented among the microbiota of a 
small sample. 

Microbiological probes also offer 
distinct advantages for the collection 
and analysis of living material. From 
a single particle, microbes can easily be 
cultivated within the confines of an 
experimental device. In this they re- 
main accessible to physiological and 
chemical experiments that would be 
extremely cumbersome with larger 
organisms. (Compare, for example, the 
automatic instrumentation that would 
be needed to catch a mouse or an ele- 
phant and then to determine its nutri- 
tional requirements!). The techniques 
of cytochemistry already developed 
for the chemical analysis of microscopic 
cells and organisms appear to be the 
most readily adaptable to ‘automation 
and telemetric recording, an important 
advantage under the existing pressure 
of time, talent, and cost. Important 
issues of policy cannot be decisively 
settled without factual information on 
the growth capacity of the micro- 
organisms that might be exchanged 
among the planets. Accordingly, 
methodological precedents in terrestrial 
science for exobiology are most evident 
in microbial biochemistry. The con- 
ceptual aims are equally close to those 
of biochemical genetics. Needless to 
say, no other resource or objective of 
serious biological science can _ be 
neglected in the development of an 
experimental program. 

Aside from experimental designs, the 
pace of exobiological research may be 
regulated by advances in Vehicular and 
guidance capabilities and data com- 
munication. In the expectation that 
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these will remain in reasonable balance 
—for static or real time television com- 
munication with the planetary probe— 
the microscope may be the most 
efficient sensory instrument. The re- 
dundancy of a pictorial image would 
not be altogether wasted: would we 
put our trust in a one-bit pulse from 
an efficient black box to answer our 
queries about the cosmos? 

According to this experimental con- 
cept, the terminal microscope-Vidicon 
chain must be supported by three types 
of development: (i) for collection and 
transport of the specimen to the aper- 
ture of the microscope; (ii) for cyto- 
chemical processing of the samples; 
(iii) for protection of the device against 
environmental hazards, for appropriate 
location after landing, and for illumina- 
tion, focusing, and perhaps preliminary 
image selection. Detailed studies of 
these problems are only just under way, 
and the following suggestions are only 
tentative. 

The easiest specimens to obtain may 
be atmospheric dust and samples of 
surface soil, once the device has been 
landed. These would be collected on a 
traveling ribbon of transparent tape 
which would be thrown out and then 
rewound into the device. Larger 
samples, collected by a soil auger, could 
be subjected to a preliminary concen- 
tration of nonmineral components by 
flotation in a dense liquid. The use of 
such a tape would simplify the prob- 
lem of treating the samples with a suc- 
cession of reagents—for example, spe- 
cific enzymes and fluorescent stains for 
the detection of nucleic acids and pro- 
teins. Microscopy with ultraviolet light, 
particularly at 2600 and 2800 ang- 
stroms, owing to its selectivity for 
nucleic acids and proteins, may be the 
most direct way to distinguish micro- 
organisms from mineral particles. Gen- 
erally speaking, the microscope can be 
adapted to many simple analytical 
procedures whose construction on a 
larger scale would present formidable 
problems for automatic technique. 

The adaptation of the microscope 
system to a payload can be undertaken 
more realistically when laboratory pro- 
totypes have been built and tested. For 
example, we will have to decide be- 
tween accurate prefocusing of a micro- 
scope whose lenses and entry slit are 
mounted in a rigid structure and con- 
tinuous control of focus by an optically 
controlled servo system (an innovation 
that would be far from useless in the 
biological laboratory). Fluorescent stain- 
ing may facilitate automatic discrimina- 


tion for conservation of radio power; 
the traveling ribbon can be stopped and 
the Vidicon-transmitter activated just 
when a. stained object is in view. 

These preliminary experiments can 
indicate some of the general features 
of the planetary microbiota. The data 
they furnish will support more intensive 
studies of the growth characteristics, 
chemical composition, and enzymatic 
capabilities of organisms cultivated on 
a larger scale. The interaction of these 
organisms with tissue cultures of animal 
cells can also be considered. From the 
results of these initial probes we can 
better deduce how to anticipate the 
long-range consequences of the inter- 
course of planetary biota. 


Conservation of Natural Resources 


A corollary of interplanetary com- 
munication is the artificial dissemina- 
tion of terrestrial life to new habitats. 
History shows how the exploitation of 
newly found resources has enriched 
human experience; equally often we 
have seen great waste and needless 
misery follow from the thoughtless 
spread of disease and other ecological 
disturbances. The human species has 
a vital stake in the orderly, careful, 
and well-reasoned extension of the 
cosmic frontier; how we react to the 
adventuresome and perplexing chal- 
lenges of space flight will be a crucial 
measure of the maturity of our national 
consciences and our concern for pos- 
terity. 

The introduction of microbial life to 
a previously barren planet, or to one 
occupied by a less well-adapted form 
of life, could result in the explosive 
growth of the implant, with conse- 
quences of geochemical scope. With a 
generation time of 30 minutes and 
easy dissemination by winds and cur- 
rents, common bacteria could occupy a 
nutrient medium the size of the earth 
in a few days or weeks, being limited 
only by the exhaustion of available nu- 
trients. It follows that we must rigor- 
ously exclude terrestrial contaminants 
from our spacecraft. This stricture must 
hold until we have acquired the factual 
information from which we can assess 
with assurance the detrimental effects 
of free traffic and determine whether 
these are small enough to warrant the 
relaxation of these controls. 

At the present time, the values that 
would most obviously be threatened by 
contamination are scientific ones. The 
overgrowth of terrestrial bacteria on 
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Mars would destroy an _ inestimably 
valuable opportunity for understanding 
our own living nature. Even if an 
intemperate mission has not contami- 
nated a planet, the threat of its having 
done so will confuse later studies, if 
earth-like organisms are found. How- 
ever, other values are also involved. 
Quite apart from strictly scientific con- 
cerns, would we not deplore a heedless 
intrusion on other life systems? It 
would be rash to predict too narrowly 
the ways in which undisturbed planetary 
surfaces, their indigenous organisms, or 
their molecular resources may ultimately 
serve human:needs. If we have cause to 
prejudice these values, we surely would 
not wish to do so by inadvertence. 

To guard effectively against contami- 
nation requires a nice appreciation of 
the ubiquity and durability ct bacterial 
spores, which are well preserved in high 
vacua and at low temperatures and are 
rapidly destroyed only when kept at 
temperatures over 160°C. It is prob- 
able that spacecraft can be disinfected 
by the conscientious application of 
gaseous disinfectants, especially ethylene 
oxide, but this will succeed only if the 
procedure is carried out meticulously 
and with controlled tests of its effective- 
ness. Sealed components, if found to be 
potential sources of contamination, can 
be disinfected by chemicals prior to 
sealing, or subsequently by heat, or by 
irradiation at very high doses. The 
technology of disinfection is an expert 
one, and personnel already experienced 
in it should be delegated supervisory 
control. 

The assessment of this problem in- 
volves a concept of risk that has not 
always been perceptively realized. The 
hazards of space flight itself, or of 
hard impact, or the planetary environ- 
ment might suffice to neutralize any 
contaminants, but can we afford to 
tely on uncertain suppositions when the 
stakes are so high, and when we have 
practical means at hand for conserva- 
tive protection? We must be especially 
sensitive to the extreme variations in 
the environments of spacecraft or of 
planetary surfaces which might furnish 
refuges for microbe survival no matter 
how hostile the average conditions. 

The indication by agencies both in 
the United States and the U.S.S.R. that 
adequate precautions will be exercised 
on all relevant missions is an important 
step in the realization of constructive 
exobiology. 

Scientists everywhere will call for 
the application of these measures with 
the same care and enthusiasm as the 
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more positive, exciting, and patently 
rewarding aspects of space research. 
Scientific microbiology in the labora- 
tory is absolutely dependent on the 
rigorous application of the special 
technique of pure culture with aseptic 
control. If we do not exercise the same 
rigor in space science, we might as 
well save ourselves the trouble of think- 
ing about, and planning for, exobiologi- 
cal research. 

While early traffic to the planets will 
be one-way, we must anticipate round- 
trip, and even manned, space flight. 
Undoubtedly, planetary samples can be 
analyzed for any scientific purpose more 
conveniently and more exactly in the 
terrestrial laboratory than by remote 
devices. For each step of analysis, 
special devices can be used (or if need 
be, newly designed and constructed), 
and a constant give-and-take between 
human judgment and _ instrumental 
datum is possible. However, the return 
of such samples to the earth exposes us 
to a hazard of contamination by foreign 
organisms. Since we are not yet quite 
certain of the existence of planetary 
(that is, Martian) organisms, and know 
nothing of their properties, it is ex- 
tremely difficult to assess the risk of 
the event. The most dramatic hazard 
would be the introduction of a new 
disease, imperiling human health. What 
we know of the biology of infection 
makes this an extremely unlikely possi- 
bility; most disease-producing organisms 
must evolve very elaborate adaptations 
to enable them to resist the active de- 
fenses of the human body, to attack 
our cells, and to pass from one person 
to another. That a microorganism 
should have evolved such a capacity in 
the absence of experience with human 
hosts or similar organisms seems quite 
unlikely. However, a converse argu- 
ment can also be made, that we have 
evolved our specific defenses against 
terrestrial bacteria and that we might 
be less capable of coping with organ- 
isms that lack the proteins and carbo- 
hydrates by which they could be 
recognized as foreign. Furthermore, a 
few diseases are already known (for 
example, psittacosis, botulism, asper- 
gillosis) whose involvement of man 
seems to be a biological accident. These 
arguments can only be resolved by 
more explicit data. Nonetheless, if they 
are harmful at all, exobiota are more 
likely to be weeds than parasites, to act 
on our agriculture and the general com- 
fort of our environment, and to be 
pervasive nuisances than acute aggres- 
sors. However, even the remotest risk 


of pandemic disease, and the greater 
likelihood of serious economic nuisance, 
must dictate a stringent embargo on the 
premature return of planetary samples, 
or of craft that might inadvertently 
carry them. Again, our preliminary 
experiments must give us the foundation 
of knowledge to cope with exoorgan- 
isms, even to select those which may 
be of economic benefit. A _ parallel 
development of techniques for disin- 
fection may mitigate some of these 
problems; at present the prospects for 
treating a returning vehicle to neutralize 
any possible hazard are at best marginal 
by comparison with the immensity of 
the risks. 

Of the possible payloads for inter- 
planetary travel, living man, of course, 
excites the widest popular interest. In 
due course, he may be supported by 
a sufficient payload to accomplish use- 
ful tasks in exploration beyond the 
capacities of instrumentation. However, 
he is a teeming reservoir of microbial 
contamination, the most difficult of all 
payloads to neutralize, and he is an 
especially suitable vehicle for infectious 
organisms. In view of these difficulties, 
and insofar as manned space flight is 
predicated on the return of the crew, 
a sound basis of scientific knowledge 
from instrumented experiments is a 
sine qua non for the planning of such 
missions. 

Timely effort now to devise and build 
instrumented experiments is essential 
to keep pace with the technical capaci- 
ties of space vehicles. 


Conclusion 


Many of the ideas presented in this 
article are not new. In the scientific 
literature they have been treated only 
occasionally, for example in a remark- 
able article by J. B. S. Haldane (1954). 
They are also anticipated in the classic 
works of science fiction—for example, 
H. G. Wells’ War of the Worlds—and 
in a flood of derivative fantasies of less 
certain quality either as science or as 
fiction. This kind of attention has not 
necessarily contributed to realistic evalu- 
ation of the biological aspects of space 
travel, discussion of which may still be 
dismissed as overimaginative by some 
of our colleagues. However, exobiology 
is no more fantastic than the realization 
of space travel itself, and we have a 
grave responsibility to explore its im- 
plications for science and for human 
welfare with our best scientific insights 
and knowledge. 
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Notes 


The principles embodied in this article reflect 
the judgment of one among several of the scien- 
tific groups advisory to the Space Science Board 
of the U.S. National Academy of Sciences. How- 
ever, they do not necessarily represent any official 
policy of the committed views of each consultant. 
The continued interest and advice of M. Calvin, 
R. Davies, N. Horowitz, S. E. Luria, A. G. Marr, 
D. Mazia, A. Novick, C. Sagan, G. Stent, H. C. 
Urey, C. B. van Niel, and H. Weaver, among 
many others, have been indispensable. 

To document this article in detail with refer- 
ences to original sources would require a bibliog- 
raphy of inordinate length. Many of the issues 
are reviewed in the following works. 
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Research Overhead and 


the Universities 


Should government support of basic research in private 
universities cover overhead as well as direct costs? 


Should overhead, or the “indirect” 
costs of conducting basic research in the 
private universities, be fully reim- 
bursed (J)? Contrary to the apparently 
increasing trend toward an affirmative 
answer among those in universities as 
well as in the federal government, this 
article examines the case for the other 
side (2). I would go even further and 
suggest stopping all overhead payments 
for basic research in private universities 
as soon as practicable. 

The case for full reimbursement 
seems reasonably compelling. Its pro- 
ponents cite the financial plight of our 
universities, their importance for the 
maintenance and extension of the na- 
tion’s basic research effort, and the 
erosion of general funds from endow- 
ment and other such traditional sources. 
The universities, it is said, are too poor 
to be asked to continue sharing in the 
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costs of conducting research, and the 
federal government should, in all fair- 
ness, assume the true burden for the re- 
search it seeks to support. Furthermore, 
research funds help the university to 
perform a task vital to our national in- 
terest by training our future scientists, 
so it follows that anything contributing 
to the financial stability of the univer- 
sities contributes to our national wel- 
fare. 

Although there is probably little dis- 
agreement with these propositions, it 
is the thesis of this article that concen- 
tration on them obscures some more 
basic problems and postpones the search 
for more general solutions. The plea 
for payment of full costs prematurely 
defines the problem, and so restricts 
our focus. It is a piecemeal approach 
to the larger problems of formulating 
a national science policy and of defin- 
ing the role of the universities in that 
policy and in their own sphere as edu- 
cational institutions. At best, the pay- 
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ment of full costs for basic research 
may partially alleviate the financial 
plight of the universities. But such ac- 
tion will not solve their financial prob- 
lems. Nor will it solve the problems of 
research policies of the universities or 
the federal government. 

A sharp reversal of the present trend 
toward full reimbursement (3) may 
force reconsideration of how basic re- 
search should be supported, where it 
can be done best, and how we can get 
the optimum return on the money in- 
vested in it. As a prelude to the consid- 
eration of such problems, this article 
focuses on the university’s role as a pro- 
ducer of basic research in relation to its 
other goals. The claim for full costs is 
examined in the light of the university’s 
fiscal policies on all its major activities, 
including research. Finally, some pos- 
sible consequences of full reimburse- 
ment are discussed in the context of 
problems of university autonomy and 
control. 


The University’s Goals 


There is probably general agreement 
that universities in the United States 
have as their primary goals the storing, 
transmission, and extension of knowl- 
edge (4). The means for reaching these 
goals are libraries, teaching, and re- 
search, and the “product” involved has 
something to do with knowledge. The 
university has not made a profit or typi- 
cally realized full costs on its storage 
facilities, its teaching, or its research. 
The major client or customer, in the 
sense of both number and visibility, has 
typically been the student, and even he 
is not expected to pay the “full costs” 
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of his education. Even the highest es- 
timates rarely show the student con- 
tributing more than about half of the 
total costs incurred by the university in 
educating him. This deficit financing is 
typically accomplished through endow- 
ment income; from involuntary subsi- 
dies realized through the inadequacy of 
faculty salaries, which reduce the “true” 
costs; and through a variety of other 
means. The acknowledged fact is that 
the universities have not exacted “full 
costs” from their most visible and 
numerous clients in return for one of 
their most important products or serv- 
ices—the education of students (5). 

True, some have argued that the stu- 
dent, or more precisely his parents, 
should contribute the full share of the 
costs of educating him. But it is prob- 
able that the vast majority of Ameri- 
cans are strongly opposed to the idea of 
an educational elite based on the indi- 
vidual’s ability to pay full costs. And 
while the universities have straddled the 
issue by raising the tuition (but not 
nearly to the level where it would cover 
costs), they continue to favor the ad- 
mission of students on the basis of 
criteria other than the ability to pay all 
costs. The universities have not threat- 
ened to “cut back” their teaching activi- 
ties if they do not receive full payment 
from their customers; rather, they have 
sought to augment, from other sources, 
the funds available to make up the def- 
icit. Teaching students has always been 
a “normal” activity of the universities; 
and within the context of our tradi- 
tional American values and experiences, 
the universities seek supplementary in- 
come without “strings.” Thus, the pri- 
vate universities generally tend to op- 
pose government subsidies because of 
the traditional fear of government con- 
trol. 

The second of the three major activi- 
ties of a university can be discussed 
briefly here. The storage of knowledge 
represents a relatively fixed cost, and a 
university has no choice but to try to 
maintain the best possible library as 
well as other facilities which enhance 
its standing as a repository of knowl- 
edge. Technical advances may bring 
about more efficient methods of storing 
information, in terms both of costs and 
of effective use by scholars. It is even 
conceivable, in these days of enthusiasm 
for strict financial accounting, that a 
system of charges will be worked out, 
for the use of these information-storage 
facilities, in which individual professor, 
student, departmental, research-project, 
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and administration accounts will be 
charged in order to allocate the full 
and true costs. 

The major point of the last of the 
three activities of a university—namely, 
the research activity—seems fairly ob- 
vious. If research has been, and con- 
tinues to be, a normal activity of the 
university, why should there be any ex- 
pectation of realizing “full costs” in this 
sector? Unlike the teaching sector, 
where it might be argued that the stu- 
dent expects a “return” regardless of 
how much money he has invested, the 
donor who provides money for basic 
research expects no return at all in the 
normal course of events except the usual 
acknowledgment in a footnote. How- 
ever small the proportion of the total 
costs of a research project contributed 
by a research donor may be, his con- 
tribution might well be viewed as 
“manna from heaven.” For every such 
contribution, large or small, reduces the 
total amount of money that the uni- 
versity has to spend from its own funds 
to support its normal research activi- 
ties. Instead of accusing the foundations 
and government agencies of not shoul- 
dering their fair share and not contrib- 
uting the “full costs,” one could argue 
that the universities have not appre- 
ciated the actual financial contribution 
received and the related saving in time 
and effort otherwise spent in trying to 
raise these monies from other sources 
(6). 

To ignore overhead and full costs for 
a moment, suppose that from the begin- 
ning of next year the government agen- 
cies, private foundations, and other re- 
search donors were to cease all pay- 
ments to the universities in support of 
research. Since most of these research 
donors have not been paying the full 
costs, it might be expected that the uni- 
versities would be forced to raise anew 
only a portion of the total research 
budget. How many universities would 
try to raise money for their general 
fund to maintain the present level of 
basic research activity on their cam- 
puses? Would university administrations 
be willing to support even a considerably 
contracted research program should the 
present research donors cease to make 
their present “partial” contributions? 

If, as the universities have main- 
tained, research is normally a central 
activity vital to a university’s goals and 
functions in a society, then it is to be 
expected that each university will seek 
to maintain a certain level of research 
activity regardless of the financial de- 


tails and arrangements. In fact, a rea- 
sonable operational test of what that 
level of research activity should be in 
a given university might well be the 
volume of research money which the 
university accepts willingly and grate- 
fully when there is no contribution 
whatsoever to meet indirect costs. If the 
university argues that it has had to in- 
crease its administrative and financial 
staff or provide more heat and light as 
a result of the volume of research ac- 
tivity, then we have presumptive evi- 
dence that the university would not 
otherwise support that level of research 
activity and that it should consequently 
seek less financial assistance for re- 
search—to maintain a level of research 
activity closer to what it is prepared to 
support normally, much as it supports 
certain levels of teaching and student 
activity. 

No one can answer the question with 
any degree of certainty, though it may 
be suspected on the basis of past per- 
formance alone that the university re- 
searchers might be forced to return to 
the days when there was considerably 
less enthusiasm for research on univer- 
sity campuses and even less support in 
the form of equipment, assistance, 
space, secretarial help, and even time 
(7), whereas in an analogous hypo- 
thetical situation involving teaching and 
the student, the university would spare 
no effort in trying to maintain current 
activity. 

I wish to draw no conclusions from 
this exercise with hypothetical situa- 
tions. The point is simply that many 
American universities have, by and 
large, paid only lip service to the im- 
portance of research. Not until the 
period of early small-scale stimulation 
by the private foundations and the more 
generous support by the government in 
the postwar period, did they provide 
much internal support for research. 


Consequences and Questions 
for the Universities 


Let us now assume that the research 
donors were to adopt a policy of full 
reimbursement for the indirect costs of 
conducting basic research in the univer- 
sities. What consequences might we ex- 
pect? What kinds of questions might 
then be raised by the universities, as 
well as by the federal government as 
the most important supporter of re- 
search? 

In this article I allude only to some of 
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the more obvious questions and conse- 
quences. The first point is that full reim- 
bursement of overhead costs will not 
solve the financial problems of Ameri- 
can universities. But the specific desire 
to cover overhead costs of research 
could be satisfied if the present trend 
toward increasing support from the fed- 
eral government is extended, since fed- 
eral agencies now contribute a substan- 
tially greater proportion of full costs 
than other research donors. 

The problem of overhead costs is un- 
doubtedly of greatest importance to the 
relatively few universities and colleges 
now receiving the bulk of federal re- 
search support. Presumably, the present 
failure to reimburse full costs accounts 
in part for the absence of any extensive 
research effort at the vast majority of 
the nation’s institutions of higher educa- 
tion. Full reimbursement may very well 
encourage many colleges and universi- 
ties to expand their research activities 
beyond the level that their desires and 
capabilities warrant. Federal research 
support is already viewed as a “hidden” 
(and necessary) subsidy to higher edu- 
cation. 

Concern over the real or apparent 
dangers of federal control over educa- 
tion has always been strong in Ameri- 
can thought. With payment of full re- 
search costs, government concern over 
precise determination of full costs might 
very well become concern over the ex- 
tent and nature of overhead expenses in 
universities. Further, academic freedom 
and, more precisely, the university’s in- 
dependence with respect to its own re- 
search program might be threatened by 
the centering of attention on the short- 
run problems of overhead costs. 

I turn now to a somewhat more de- 
tailed discussion of these points. 

While full reimbursement would un- 
doubtedly ease one sector of the univer- 
sity budget, it would clearly not solve 
the over-all financial crisis in the uni- 
versities. A recent National Science 
Foundation report shows that the uni- 
versities had to provide about $30.2 
million toward an estimated $72.7 mil- 
lion of indirect costs on a $327.5 mil- 
lion budget for research in 1957-1958 
(8). There is no separate tabulation 
for the private universities, so the $30.2 
million figure includes some unknown 
proportion provided by state and local 
governments—-a fact disregarded in 
these figures. Thus, the maximum that 
might have been recovered from re- 
search donors in 1957-1958 to cover 
what the universities themselves esti- 

mated as their unreimbursed indirect 
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costs on their research was $30.2 mil- 
lion. This figure would appear to be a 
very small portion of a university finan- 
cial problem usually estimated in the 
$20- to $40-billion range (9). 

Parenthetically, it may be noted that 
universities could alleviate their in- 
direct-cost problem considerably by in- 
creasing the proportion of support re- 
ceived from the federal government. 
While federal support contributed just 
over 70 percent to the universities’ to- 
tal indirect-cost bill in 1957-1958, it 
also paid just over 80 percent of the to- 
tal indirect costs reimbursed by any 
sponsor. The federal government re- 
imbursed the universities for two-thirds 
of the indirect costs resulting from out- 
side support, while all other sponsors 
only contributed one-third of the total 
indirect costs resulting from their grants 
to the universities (8, p. 7). 

The concentration of funds in a rela- 
tively few universities (8, p. 6; 70) has 
raised pointed questions about the role 
of such federal support to the univer- 
sities. If these federal funds are a kind 
of de facto subsidy to education, then 
how can the concentration of support 
be justified (71)? Not only is it likely 
that there will be increasing demands 
for greater dispersal of federal support 
for research among institutions not now 
among the large beneficiaries but the 
criterion for federal support may con- 
tinue to shift from research capability 
to the over-all well-being of the insti- 
tution. 


Administrative Control 


Questions of “control” enter at a 
number of points. If the federal govern- 
ment were to pay the full costs of the 
research it sponsors, it might well be 
justified in raising questions about the 
universities’ mode of operation and 
fiscal accounting policies. The govern- 
ment already does this through its au- 
diting procedures, which are felt by 
many to be inappropriately complex and 
restrictive for the university setting. 
But it could go further and question 
both the extent of administrative costs 
and the particular methods that are 
used to allocate such costs to the re- 
search activity. 

In the staff report of the Commission 
on Financing Higher Education, Mil- 
lett points not only to the variability 
of such costs among institutions but also 
to the fact that the general average of 
such expenditures is relatively high. 
He notes that about “40 percent of 


total current operating expenditures of 
institutions of higher education as a 
whole falls within the three major re- 
porting categories ‘administration and 
general,’ ‘plant operation and mainte- 
nance,’ and ‘auxiliary enterprises’. . .” 
(72). 

Millett continues: “the allocation of 
overhead costs has become so impor- 
tant . . . [because of] the very magni- 
tude of the expenditures which are la- 
beled ‘administrative’ . . .” (J2). But 
such allocations are extremely complex 
in the framework of the universities’ 
many functions and not merely in terms 
of any technical accounting problems. 
As President Lee A. DuBridge of the 
California Institute of Technology not- 
ed recently: “I do not know how to 
determine at Caltech how many pen- 
nies of each dollar go to teaching and 
how many to research. This is not be- 
cause our bockkeeping department is 
inefficient, but only because we pur- 
posely mix the two activities so thor- 
oughly that separate budgeting is im- 
possible even in principle” (/3, p. 111). 

But such considerations may only be 
considered of minor importance in re- 
lation to the more serious implied 
threats to academic freedom noted by 
the Academic Freedom Committee of 
the American Civil Liberties Union in 
its statement of 24 November 1959. 
Here the Committee noted: “It must 
be clearly recognized that if outside 
financing of university research and 
graduate education, particularly in the 
natural sciences, continues to follow 
present patterns, it will inevitably lead 
to a very serious erosion of university 
control of university activities” (14). 

The reaction to this report is de- 
scribed in a recent article in The New 
York Times by Fred M. Hechinger: 
“In The New York Times sampling of 
views of university leaders, most of the 
thirty-eight presidents who replied point- 
ed to dangers on other campuses and 
a high safety record on their own. 
While they admit that outside patrons 
are paying much of the piper’s wage, 
they insist that the academic tune, 
whoever is calling it, remains strong 
and sound” (/5). 

Moreover, many university leaders, 
like Lloyd V. Berkner, have long main- 
tained that: “The dangers of Federal 
support are greatly lessened when the 
funds are administered by a variety of 
government agencies. The most dan- 
gerous thing that could happen would 
be a concentration of all Federal sup- 
port in any one agency, be it the De- 
partment of Defense, the National 


SCIENCE, VOL. 132 





Scier 
of | 
(16) 
Bu 
are § 
eral 
show 
by I 
Com 
of t 
sepal 
opm 
fiscal 
Co 
supp 
dout 
polic 
parti 
rese 
tainl 
sibili 
that 
read 
the 
by t 
am 
gove 
they 
Brid 
thre 
the 
ter 1 
advi 
of fr 
and 
Mar 
opp: 
rese 
clud 
pro! 
opp 
and 
rese 
taile 
of | 
gro’ 
and 
the 
selv 
E 
in t 
ene 
wel 
ide 
for 
the 
few 
like 
the 
tee 
car 
im] 
stri 
sea 
of 


12. 


1 of 
por- 
gni- 
» la- 
But 
plex 
ties’ 
rms 
>ms. 
the 
not- 
v to 
pen- 
and 


it is 
pur- 
hor- 


11). 
y be 
. Te- 
‘lied 
1 by 
e of 
n in 
959, 
nust 
tside 
and 
the 
llow 
lead 
rsity 
4). 
de- 
New 
ger: 
g of 
F the 
oint- 
and 
Own. 
TONS 
yage, 
tune, 
rong 


ders, 
nain- 
deral 
1 the 
ty of 
dan- 
ould 
sup- 


ional 
L. 132 





Science Foundation, or the Department 
of Health, Education and Welfare” 
(16). 

But it must be noted that while we 
are still far from concentration of fed- 
eral support, the latest available figures 
show that the three agencies mentioned 
by Berkner, plus the Atomic Energy 
Commission, accounted for 97 percent 
of the total federal expenditures for 
separately budgeted research and devel- 
opment in colleges and universities in 
fiscal 1958 (8, p. 5). 

Concentration of all federal research 
support in a single agency would un- 
doubtedly result in a more unified 
policy, which could lead to favoring 
particular institutions, scientists, or 
research approaches. And it would cer- 
tainly decrease alternative support pos- 
sibilities for projects turned down by 
that agency. But some observers al- 
ready see the seeds of these dangers in 
the powers which could be exercised 
by the review panels, which now carry 
a major responsibility in advising the 
government agencies on the projects 
they should support. Thus, Lee A. Du- 
Bridge recently commented: “The chief 
threat of control has come not from 
the government agencies who adminis- 
ter the funds, but from the panels and 
advisory committees (composed largely 
of professors!) who pass upon projects 
and budgets before they are accepted. 
Many of these groups have steadfastly 
opposed proper overhead payments on 
Tesearch contracts, have opposed in- 
cluding allowances for the salaries of 
professors working on the projects, have 
opposed block or departmental grants, 
and have required of the prospective 
research worker such elaborate and de- 
tailed proposals and reports that a type 
of bureaucratic committee control has 
grown up which suppresses daring ideas 
and takes administrative control out of 
the hands of the universities them- 
selves” (13, p. 113). 

But keeping administrative control 
in the universities appears to be threat- 
ened from many other directions as 
well. In a recent statement by the Pres- 
ident’s Advisory Committee, a policy 
for educational and research growth in 
the universities was advocated which 
few, if any, universities accept, or are 
likely to accept, for the majority of 
their graduate faculties. The commit- 
tee noted: “. . . graduate education 
cannot be effective in institutions which 
impose heavy burdens of routine in- 
struction and administration on the re- 
search scholar who should have plenty 
of time free to work with his graduate 
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students. A single graduate course plus 
the supervision of research may be more 
than a full-time load for many a pro- 
fessor” (italics mine) (17). 

’ Above all, there is the danger that 
administrative control may slip away 
imperceptibly as a result of numerous 
small and seemingly insignificant deci- 
sions and developments. And it is this 
danger which is the very crux of my 
opposition to full reimbursement for 
the overhead costs of basic research in 
the universities. Seemingly, this is a rel- 
atively small problem, and full reim- 
bursement might help some aspects of 
the universities’ financial plight. This 
might very well be the immediate re- 
sult, but in the long run it might be 
detrimental to the interests of both the 
universities and the federal govern- 
ment. As was noted in a recent New 
York Times article: “One danger [of 
outside research grants] is clear and 
present. It is as President A. Whitney 
Griswold of Yale University warns, 
that an institution’s independence is 
‘given away or traded away a little 
bit at a time in individual bargains 
that seem necessary or profitable at the 
moment.’ This is not necessarily a warn- 
ing against outside grants; it is rather 
a warning against an aimless patchwork 
of sponsored activities” (/5). 


Summary 


The question of overhead costs must 
be viewed in the broader perspective of 
a national science policy as well as 
long-range university goals. The prob- 
ability is that the federal government 
will maintain and even extend its pres- 
ent level of research support. Whether 
the government will, or should, main- 
iain a large number of disbursing agen- 
cies supporting research is certainly 
one crucial issue to be decided. Related 
to it, but at the same time important 
in its own right, is the question of how 
the money will be spent and, specifically, 
how that money will be used to influ- 
ence the over-all structure of the na- 
tional research establishment. Will the 
government seek to modify the present 
diverse structure of research producers 
in order to achieve greater possibilities 
of coordination, or will it seek to main- 
tain the present diversity? If we are 
not to abdicate our responsibilities, both 
to the universities and to the national 
research structure, questions such as 
these must be faced in the context of 
an emerging national science policy 
(8). 
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Science in the News 


Senate Space Committee Report Is 
Critical of NASA’s Plans for Its 
New Office of Life Sciences _ 


Last March the National Aeronautics 
and Space Administration organized its 
fifth major division, an Office of Life 
Sciences, whose function is to see that 
when the time comes to send a man 
into space the information necessary 
to keep him alive and healthy will be 
available. A major share of the neces- 
sary research is already being done in 
Defense Department laboratories, where 
the military services, for their own 
purposes, are doing a great deal of 
work with direct applications in the 
space program. The Army, for example, 
is doing work on minimum nutritional 
requirements, the Navy is investigating 
the effects on personnel of the restricted 
and isolated life in long-submerged sub- 
marines, and the Air Force is studying 
the physiological effects of extremely 
rapid accelerations. The NASA life 
sciences office is charged with keeping 
track of research in such space-related 
fields; it will sponsor research programs 
of its own where the required informa- 
tion is not already being sought in serv- 
ice and university laboratories whose 
projects overlap the interests of the 
space agency. 


Space Committee Report 


Last week Lyndon Johnson’s Senate 
Space Committee issued a report, pre- 
pared by the committee staff, criticizing 
NASA for not doing enough to coordi- 
nate the activities of its life sciences 
office with the work being done in the 
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service laboratories. The bulk of the 
270-page report is given over to descrip- 
tions of 32 of the larger Defense re- 
search facilities doing work in space- 
related fields. The committee staff's 
comments occupy only a short intro- 
ductory section. Here the report points 
out that the armed services will spend 
$38 million this year on space-related 
research, that 2800 civilian and mili- 
tary employees will have been involved 
in the work, and that the equipment 
and facilities at their disposal repre- 
sent an investment of $61 million. The 
report contrasts the Defense programs 
with the $5 million first-year budget of 
NASA’s life sciences office and its ex- 
pectation of having 20 professional em- 
ployees on its staff by June 1961, the 
end of the current fiscal year. The 
report states that NASA _ obviously 
should make full use of the service pro- 
grams and that there isn’t enough evi- 
dence that NASA is making satisfactory 
arrangements for doing so. Indeed, 
Senator Johnson, in a statement accom- 
panying the report, went so far as to 
suggest that NASA might not even need 
a life sciences division if it made 
thorough enough use of the service pro- 
grams. 

Neither NASA nor the Republicans 
on the committee were very happy with 
the report. NASA is not anxious to get 
involved in a public quarrel with the 
congressional committee that super- 
vises its activities, but the agency clear- 
ly felt that the criticism was at least 
premature. The life sciences office was 
barely four months old when the report 
was completed. It still has only nine 
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professional staff members. At this 
stage NASA feels that the office has 
not had much time to demonstrate 
whether or not it is doing a good job of 
coordinating its research with the De- 
fense laboratories. 

Observers have interpreted the report 
as a case of seizing an opportunity to 
reflect the attitude of the majority of 
the committee, at least (perhaps encour- 
aged by election-year fervor), that the 
Administration has not been doing a 
good enough job of coordinating the 
military and civilian space programs 
generally. For the minority members of 
the committee Senator Wiley (R-Wis.) 
reacted with a statement arguing that 
the place that needed better coordina- 
tion was the Senate Space Committee. 
He said he hadn’t heard anything about 
the report until he read about it in the 
newspapers. 





Jury Decides Cigarettes Caused Lung 
Cancer But Company Is Not Liable 


A jury in ‘Miami, Florida, has de- 
cided that a man whose heirs were 
suing the American Tobacco Company 
had died of lung cancer, that the dis- 
ease was caused by smoking Lucky 
Strike cigarettes, and that the American 
Tobacco Company could not be held 
financially liable for the man’s death. 
(The man had smoked two to three 
packs of cigarettes a day for 30 years 
before the disease developed.) 

A company spokesman interpreted 
the results as support for the position 
taken by its medical witnesses, who 
argued that there was no firm proof 
that cigarettes do cause cancer. A court 
official, though, interpreted the ruling 
as indicating that the jury felt that not 
enough had been known about the dan- 
gers of smoking prior to 1956, when 
the man’s illness was diagnosed, to hold 
the company financially liable. 

A lawyer for the tobacco company 
told the jury that a judgment for the 
plaintiffs would “sound the death knell 
of the industry.” The terms of the 
jury’s decision suggest that a future 
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case could easily be decided against a 
cigarette manufacturer, on the grounds 
that by that time a sufficient link be- 
tween smoking and cancer had been 
established in the years prior to the 
man’s death, and that the cigarette 
company was financially liable. 

This would lead to a long series of 
appeals and an eventual decision by the 
Supreme Court. Meanwhile, the cig- 
arette companies are spending several 
million dollars a year on research to 
produce a cigarette that will not leave 
its maker open to such disturbing 
charges. 


NSF Grants for Research 
and Research Facilities 


The National Science Foundation, 
which will receive a $25-million in- 
crease this year over its fiscal 1960 ap- 
propriations, will spend the bulk of 
the increase on grants for basic research 
in the program for improving research 
facilities. The NSF budget this year is 
$175 million. It expects to distribute 
about $67 million in research grants, 
an increase of $8.6 million over last 
year. It will spend $21 million on the 
research facilities program, with nearly 
all of the $6.4 million increase over last 
year going into the program, now in its 
second year, for general refurbishment 
of graduate laboratories. 

Until last year the facilities program 
had been devoted almost entirely to 
paying for major pieces of equipment 
that institutions would have had diffi- 
culty in paying for themselves. But the 
announcement of the general refurbish- 
ment grants brought in requests for 
grants totalling some $50 million. Only 
$2 million was available last year. This 
year the grants will be increased to 
something over $8 million. 

Another still smaller, but important, 
program is the $1.9 million in unre- 
stricted grants to universities. This pro- 
gram, which allows the universities to 
control the money, rather than award- 
ing it on a project basis from Washing- 
ton, appears to command a great deal 
of enthusiasm within the Foundation, 
and, of course, within the universities. 
If the current small program works well 
and if opposition does not develop in 
Congress, it will probably be greatly ex- 
panded in the years ahead. The labor- 
atory refurbishment program appears 
to be a step in the same direction, that 
is, of supplying the universities with 
money for a general strengthening of 
their science departments as opposed 
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to supporting only specific projects and 
the purchase of specific major pieces of 
equipment. 

The Foundation’s budget breakdown 
also shows a decline in the Antarctic 
research program (from $6.2 to $5 mil- 
lion), a fairly modest increase in the 
scientific manpower program (from 
$64.5 to $67.3 million), and an increase 
in the information program (from $5.5 
to $6.8 million). The manpower program 
covers fellowship grants, teacher train- 
ing programs, and other efforts to pro- 
duce more and better-trained scientists. 
The information program includes not 
only support of actual information 
gathering and distribution, such as the 
grant to the AAAS for a survey of 
Chinese science (see below), but also 
research in information systems: me- 
chanical translation, electronic data 
processing, and the like. 


AAAS Symposium on Science in 
Communist China 


The National Science Foundation 
gave its formal approval last week to a 
$30,000 grant to finance the AAAS 
symposium on science in Communist 
China. The symposium will be held 
during the 1960 AAAS annual meeting 
beginning 26 December. The AAAS 
undertook the project after discussions 
among the foundation, the association, 
and a number of government agencies 
and scientific societies, and found there 
was wide-spread interest in the pro- 
posed survey, and sufficient material 
available to provide a satisfactory basis 
for study. The AAAS, because of its 
broad interests, is sponsoring the sym- 
posium, with more specialized societies 
cooperating. A number of government 
agencies will cooperate by supplying 
microfilm reproductions of Chinese 
journals in their files. 

In recent months the Chinese have 
put restrictions on exports of their jour- 
nals, but through 1959, at least, a large 
volume of material has been accumu- 
lated, including a number of ten-year 
surveys prepared by the Chinese in 
1959 to demonstrate their growing 
strength in the sciences. The material 
has been divided into 23 subject fields, 
and a scientist familiar with the lan- 
guage, usually an American of Chinese 
ancestry, has been assigned to review 
the material in his area and to present 
a report at the symposium. 

The symposium will be similar to one 
held by the AAAS in 1951 on Soviet 
science. One of the immediate uses the 


National Science Foundation expects 
will be made of the survey will be to 
use it as a basis for selecting the most 
valuable material to be translated in a 
projected program to make at least 
a small part of the,Chinese output avail- 
able to Western scientists. : 


Nuclear Conference 
To Open This Month 


Latest results obtained with the 
world’s newest and most powerful high- 
energy accelerators and new develop- 
ments in theoretical high-energy 
and particle physics will be reported 
at the 10th annual International Con- 
ference on High Energy Physics, 25 
August-1 September at the University 
of Rochester. 
scientists from more than 30 countries 
—including nine Nobel laureates—will 
attend the conference. 

Participants will include some 175 
foreign delegates, the largest overseas 
contingent ever to attend the annual 
meeting. More than a dozen invited 
papers by Soviet bloc scientists will be 
presented. 

For the first time, the International 
Atomic Energy Agency will send official 
representatives to the conference: 
Bronislaw Buras (of Poland) of the 
Agency’s Division of Research and 
Laboratories, and J. Robert Oppen- 
heimer, director of the Institute for Ad- 
vanced Study, Princeton. The confer- 
ence is expected to be the largest yet 
held, both because of the increased 
number of high-energy accelerators now 
in operation and because of the rapid 
advance of theoretical developments in 
high-energy physics. 

During the sessions delegates will 
hear the first official reports on several 
of the high-energy accelerators that 
started functioning this year. These 
include the 25-Bev accelerator—at 
present the most powerful such 
machine—recently dedicated at the 
European Center for Nuclear Research 
in Geneva; the 3-Bev machine at Sac- 
lay, France; and the 1.5-Bev installation 
at Frascati, Italy. Conferees will also 
hear latest results on the 10-Bev ma- 
chine at the Joint Institute for Nuclear 
Research at Dubna, U.S.S.R. 

Founded at the University of Roches- 
ter in 1950, the conference was held in 
Rochester for its first 7 years. Since 
1957, when it was placed under the 


auspices of the International Union of | 


Pure and Applied Physics, it has been 


held in Geneva (1958) and Kiev (1959). | 
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National Magnet Laboratory 
To Be Built at M.LT. 


The world’s most powerful magnet 
will be part of a new research labora- 
tory to be built at Massachusetts Insti- 
tute of Technology under a $9,502,000 
contract with the Air Research and 
Development Command. Created as a 
national research center, the M.I.T. 
Magnet Laboratory will produce high 
and continuous magnetic fields in the 
search for new knowledge about matter 
and energy. Groups from academic, 
government, and industrial research 
institutions in the United States, and 
visiting scientists from other nations, 
are expected to use the installation. 

The laboratory will be able to pro- 
duce a continuous magnetic field rated 
at 250,000 gauss. The strength of this 
field is more than 500,000 times larger 
than the earth’s magnetic field. The 
laboratory’s high magnetic fields will 
be tools with which to determine the 
properties and behavior of atoms, 
atomic particles, and aggregations of 
atoms in solid materials, as well as in 
liquids and gases. 

Construction is expected to start 
about mid-1961, on a site in Cam- 
bridge that is adjacent to the M.I.T. 
nuclear reactor. The laboratory is ex- 
pected to be in full operation by 1964 
with an anticipated annual research 
budget of $2 million a year. 


Francis Bitter, a pioneer in develop- 
ment of magnets and in the study of 
high field magnetic phenomena, is re- 
signing his position as associate dean 
of science in order to assume primary 
responsibility for the design and con- 
struction of the new laboratory. He 
will also be chairman of the labora- 
tory’s policy committee and will as- 
sume new duties as professor of geo- 
physics to initiate studies at M.I.T. of 
the magnetization of the sun and its 
planets and of the role of magnetic 
phenomena in the evolution of the 
solar system. 

Five M.I.T. scientists will form the 
nucleus of the magnet research center. 

Benjamin Lax, head of the division 
of solid state physics at Lincoln Labora- 
tory, will be director of the new 
facility. Lax is directing the work of the 
group of scientists and students engaged 
in solid state research using high mag- 
netic fields in M.I.T.’s present magnet 
laboratory. 

Assistant director of the laboratory 
will be Donald T. Stevenson, group 
leader in solid state physics at Lincoln 
Laboratory. Lax and Stevenson will be 
responsible for assembling the labora- 
tory’s permanent staff and directing the 
scientific program. 

Two other members of the initial 
group, Henry H. Kolm and D. Bruce 
Montgomery, have played leading roles 
in the more recent development of high 





Francis Bitter and Benjamin Lax. 


field magnets and will contribute to the 
design of the new magnets, as well as 
to the over-all installation. 

James M. West, now associate direc- 
tor of M.I.T.’s division of sponsored 
research, will become the assistant di- 
rector for administration of the labora- 
tory. Those scientists assigned to 
Lincoln Laboratory will continue to be 
associated with the M.I.T. Lexington 
(Mass.) facility. 


Brookhaven’s Synchrotron 
Begins Operation 


The alternating gradient synchrotron 
(AGS) at Brookhaven National Labo- 
ratory, one of the world’s two largest 
operating particle accelerators, ran for 
the first time on 29 July, producing a 
beam of protons at an energy of more 
than 30 Bev. This is the highest energy 
ever attained by a particle accelerator. 
Before reaching this energy, the AGS 
had run for about an hour at 24 Bev. 

The completion of the AGS repre- 
sents an important step forward in 
studies of nuclear forces and the prop- 
erties of sub-nuclear particles. It will 
enable scientists in the United States 
to observe nuclear interactions at en- 
ergies about five times greater than ever 
before possible. 

Another accelerator, quite similar in 
design and size to the AGS, has been 
completed at the European Organiza- 
tion for Nuclear Research (CERN) 
Laboratory, near Geneva, Switzerland. 
The CERN proton synchrotron first 
produced a proton beam of 24 Bev last 
November, and has since been run at 
28 Bev. 

Since 1954, the most powerful ac- 
celerator in this country has been the 
6.2-Bev installation at the University of 
California’s Lawrence Radiation Lab- 
oratory. With a machine in the 30-Bev 
range, physicists at Brookhaven expect 
to learn more about the many kinds of 
particles, such as mesons and hyperons, 
and the various “anti-particles,” that 
are produced in target nuclei by bom- 
barding them with high-energy protons. 

Construction of the AGS, which in- 
cludes 240 magnets placed in a ring- 
shaped, 18-foot square tunnel % mile 
in circumference, was started in late 
1955, following several years of pre- 
liminary design work. The total cost of 
this latest Atomic Energy Commission 
research facility, including a service 
and laboratory building and an experi- 
mental building, is about $31 million. 
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International Geological 
Congress Convenes 


Geologists from all points of the 
compass will converge on the Nordic 
countries for the 21st International 
Geological Congress, which will con- 
vene in Copenhagen on 15 August. The 
congress will be in session until 25 
August. 

The International Geological Con- 
gress, the oldest international scientific 
congress in existence, was conceived 
and primarily founded by American 
geologists. The desirability of organiz- 
ing an international geological congress 
was called to the attention of the 
American Association for the Advance- 
ment of Science in 1876 at its annual 
meeting in Buffalo, New York. 

The general plan for organizing an 
international congress was approved, 
and the founding committee was ap- 
pointed. The first International Geo- 
logical Congress was held in Paris 
during the 1878 International Exposi- 
tion. Its success was so clear-cut that 
it has continued to convene about once 
in 4 years ever since the original Paris 
meeting. Although it has no permanent 
organization and is dependent for its 
continuity on invitations received from 
delegates of some country during a 
meeting, it has functioned amazingly 
well. 

The scientific sessions generally last 
about a week and are of great interest 
to most of the participants, but the 
field excursions that usually precede 
and follow the scientific sessions are as 
much of a drawing card as the scien- 
tific sessions themselves. These excur- 
sions have ranged in duration from 1 
day to 3 weeks. 

The host countries to this 21st In- 
ternational Geological Congress will be 
the five Nordic nations: Norway, 
Sweden, Iceland, Finland, anc Den- 
mark. 


Standards Bureau To Build 
Facilities in Peru 


Continuing 15 years of international 
scientific cooperation, the Instituto 
Geofisico de Huancayo, Peruvian 
counterpart of the U.S. National Bu- 
reau of Standards, has smoothed the 
way for NBS construction and opera- 
tion of a very high-powered transmitter- 
receiver near Lima for space explora- 
tion by radar. Peruvian and United 
States officials have reached the final 


12 AUGUST 1960 


stages of negotiating a treaty and con- 
tract covering the use and operation 
of the mountain-valley installation. A 
special Congressional appropriation of 
$550,000 for the current fiscal year 
will finance construction and equip- 
ment. 

On 1 August a four-man team from 
the Boulder Laboratories of the Na- 
tional Bureau of Standards arrived in 
Peru to begin work with the Instituto 
Geofisico on preparation of a site that 
is about 10 miles from Lima. The 
advance party consists of Kenneth L. 
Bowles, Gerard R. Ochs, Glen F. Mil- 
ler, and John L. Green. 

Ochs and Miller will remain in 
Peru to assist in directing the work of 
clearing and leveling the site and, as 
soon as this is complete, of putting up 
a prototype antenna whose features are 
to be incorporated in the final antenna 
design. They will also assist in super- 
vising the construction of the building, 
collecting materials for constructing the 
equipment, and establishing a direct 
communications system with the Cen- 
tral Radio Propagation Laboratory at 
Boulder, Colo. 

Tours of duty at the installation will 
be for several years, with a probable 
minimum of two. To foster interna- 
tional ties, the NBS staff and their 
families have had intensive instruction 
in Spanish. They will also avoid the 
traditional “foreign settlement” by 
renting private housing in Chaclacayo, a 
town or the fringe of Lima. 


New Method of Space Exploration 


Space-exploration by radar uses a 
new technique, developed by Bowles, 
for studying the ionosphere and exo- 
sphere with equipment located entirely 
on the ground. A preliminary experi- 
ment, conducted at Long Branch, Ill., 
from early 1958 through April 1960, 
gave satisfactory results out to 400 
miles above the earth’s surface. The 
method employs a transmitter with a 
peak pulse power of 6 megawatts which 
sends out from the earth a very high 
frequency wave, lasting from 50 to 150 
microseconds, and an extremely sensi- 
tive broadside antenna of great area 
which detects the faint reradiation of 
the pulsed radio wave by free electrons 
in the upper atmosphere. 

The new installation at the magnetic 
equator is expected to permit observa- 
tions to be made at altitudes up to 1800 
miles (3000 km), and to extend the 
capabilities of the technique to measure 
such characteristics of the atmosphere 


as ion temperature, percentage ion com- 
position, and intensity of the earth’s 
magnetic field. Accurate measurement 
of the last two of these quantities de- 
pends upon locating the radar within 
approximately 5 degrees latitude from 
the earth’s magnetic equator, one rea- 
son for the choice of site. An additional 
feature of the new radar system will be 
the capability of observing the sun by 
means of direct radio reflections, with 
a sensitivity greater than that ever used 
before. 


Science Foundation Announces 
Program of Institutional Grants 


An experimental program of institu- 
tional grants was announced recently 
by the National Science Foundation. 
This program will be under the direc- 
tion of a new Office of Institutional 
Programs, headed by Louis Levin. 
Levin has been deputy director of the 
foundation’s Division of Biological and 
Medical Sciences. 

The institutional grants are designed 
to strengthen the over-all scientific re- 
search and research-training effort of 
colleges and universities. The awards 
are intended to provide institutions with 
valuable flexibility for strengthening 
and balancing scientific research activi- 
ties without specifying the particular 
activities to be undertaken with the 
funds. Institutional grants will comple- 
ment foundation support of science and 
science education now provided through 
research grants for specific projects and 
through fellowships. 

Amounts of grants allowable to an 
institution under the new program will 
be limited to 5 percent of foundation 
research grant payments made to the 
institution during the previous year, 
and in any case will not exceed $50,000 
for any one fiscal year. During the first 
year of operation, institutional grants 
will be based on the 9-month period 
from 1 July 1960 through 31 March 
1961. In succeeding years, they will be 
based on a full 12-month period, 1 
April through 31 March. Institutions 
will be required to report to the Foun- 
dation each year on the use of the 
institutional grant funds. 

The Office of Institutional Grants 
will also handle the foundation’s pro- 
gram for the development of graduate 
research laboratories under which grants 
are made for modernization and ex- 
pansion of research laboratories in 
United States universities. 
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News Briefs 


Koch dismissal. The Illinois Division 
of the American Civil Liberties Union 
has assumed responsibility for litigation 
in the case of Leo F. Koch, who has 
been dismissed from his position as 
assistant professor of biology at the 
University of Illinois. Koch’s contract 
was terminated a year early because of 
views on premarital sex relations he ex- 
pressed in a letter to a student news- 
paper. Some 229 Illinois faculty mem- 
bers are reported to have publicly pro- 
tested the university’s dismissal action. 
The American Civil Liberties Union 
office at 19 S. LaSalle, Chicago 3, IIl., is 
receiving contributions to Koch’s legal 
defense fund. 

* * * 

Science and society. Mount Allison 
University, Sackville, New Brunswick, 
is holding a Summer Institute on 
Science and Society, 12-14 August. 
Among the subjects to be discussed are 
“Science and culture in the coming 
society,” “Prospects for the peaceful 
uses of atomic energy,” “Nuclear 
weapons, public opinion, and _ the 
scientist,” “Space and international re- 
lations,” and “Science and the Cold 
War.” Participants from the United 
States include Gerald Wendt, president, 
National Agency for International Pub- 
lications, New York, and John P. 
Hagen, director, Office for the U.N. 
Conference on the Peaceful Uses of 
Outer Space, National Aeronautics and 
Space Administration. 

* * * 

Carbon-14 price drops. The Atomic 
Energy Commission has announced a 
reduction of 27 percent in the price of 
carbon-14, a radioisotope produced at 
the AEC’s Oak Ridge National Labor- 
atory. The price change, from $13 to 
$9.50 a millicurie effective 1 July, re- 
sults from lower production costs. An 
earlier price reduction of 50 percent 
was effective on 1 June 1959, 

* a Bo 

Temperature. Under the sponsorship 
of the American Institute of Physics, a 
new Conference on Temperature, Its 
Measurement and Control in Science 
and Industry is being planned. Pro- 
ceedings of an earlier such conference 
were published by the institute in 1940 
and contained significant contributions 
from the fields of physiology and biol- 
ogy. The institute plans to hold a 3- to 
4-day symposium in March 1961 in 
Columbus, Ohio, and James D. Hardy 
has been asked to be chairman of the 
program in physiology, biophysics, and 
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medicine. It is hoped that this program 
will contain both contributed and invited 
papers, and it is also hoped that many 
biologists interested in temperature will 
find it possible to attend the meetings 
and to contribute to the discussion. The 
abstract deadline is 15 September 1960. 
* * * 

Radiological health unit..A depart- 
ment of radiological science, first of its 
kind, is to be established at Johns Hop- 
kins University. A $2-million labora- 
tory will be built for the new unit, 
which will operate within the School 
of Hygiene and Public Health. 

Russell Morgan, specialist in radio- 
logical medicine and chairman of the 
Public Health Service’s National Ad- 
visory Committee on Radiation, will 
head the department, which will be 
concerned with all aspects of radio- 
logical health. A major objective will 
be the training of health specialists and 
research workers for both national and 
international service. 

* * * 

AMA nurses unit. The American 
Medical Association has announced the 
formation of a new department of nurs- 
ing to carry on liaison with national 
nursing organizations. Veronica L. Con- 
ley, who for the past 12 years has 
been secretary of AMA’s Committee on 
Cosmetics, has been named director of 
the new department, which is part of 
the Division of Scientific Activities. 

* * * 

Harrison memorial volume. To honor 
the late Ross G. Harrison of Yale Uni- 
versity, a special memorial volume of 
the Journal of Experimental Zoology 
will be published by the Wistar Institute 
Press. The volume, number 142, will 
be dated October 1959, the month after 
Professor Harrison’s death. In addition 
to papers by associates and friends, the 
volume will contain a complete reprint 
of Professor Harrison’s famous 1910 
paper, “The outgrowth of the nerve 
fiber as a mode of protoplasmic move- 
ment.” The memorial publication may 
be purchased separately. 

* * * 

Helminthological Society. The Hel- 
minthological Society of Washington will 
observe its 50th anniversary on 8 Octo- 
ber. A scientific program will be held at 
the University of Maryland, and there 
will be a banquet at which AAAS presi- 
dent Chauncey D. Leake will be the 
principal speaker. For information, 
write to the Helminthological Society of 
Washington, Animal Disease and Para- 
site Research Branch, ARS, USDA, 
Beltsville, Md. 





Scientists in the News 


John B. Adams has been appointed 
to serve as director-general of the 
European Organization for Nuclear Re- 
search (CERN) until 1 August 1961. 
He has held the post in an acting ca- 
pacity since the tragic death of Pro- 
fessor C. J. Bakker (Netherlands) on 
23 April. However, beginning 1 Oc- 
tober, Adams will be at CERN on a 
part-time basis. By agreement with the 
British authorities, he will divide his 
time between CERN and the United 
Kingdom’s new laboratory for plasma 
physics at Culham, of which he is di- 
rector designate. 


Eugene P. Kennedy, professor of bio- 
logical chemistry at the University of 
Chicago, has been named Hamilton 
Kuhn professor of the biological chem- 
istry and head of the department of 
biological chemistry at the Harvard 
Medical School, effective 1 September. 
At present Kennedy is on leave as a 
senior fellow of the National Science 
Foundation at Oxford University, 
England. 


Frank A. Geldard, chairman of the 
psychology department of the Univer- 
sity of Virginia, has been named dean 
of the graduate school of arts and 
sciences. While serving as dean he will 
limit his teaching to one course in ex- 
perimental psychology and will relin- 
quish his duties as departmental chair- 
man. He will continue his research stud- 
ies of the human senses. Geldard is 
also head of the North Atlantic Treaty 
Organization advisory committee on de- 
fense psychology. 


James W. Moyer, physicist, has been 
named research director of the Sperry 
Rand Research Center, which is to be 
built later this year in Sudbury, Mass. 
For the last 12 years Moyer has been 
associated with the General Electric 
Company in technical long-range plan- 
ning and research posts involving ad- 
vanced study in the fields of semicon- 
ductors, optics, spectroscopy, and phys- 
ical chemistry. He has served also as a 
consultant to the National Bureau of 
Standards, contributing to the bureau’s 
Free Radicals Research Project. 


Jonas Carol, deputy director of the 
Division of Pharmaceutical Chemistry, 
U.S. Food and Drug Administration, 
has been selected to receive the 1960 
Harvey W. Wiley Award of the Asso- 
ciation of Official Agricultural Chem- 


SCIENCE, VOL. 132 





ists. 


to a 
stand 
ment 
food, 
or pe 
lytica 


Pa 
profe 
Scho 
ing ; 
at th 
Bang 
an h 
versi 
kok. 
Prim 
as Cl 
the | 
so h 


R 
neer 
Con 
pore 
asso 
Aer 
effec 
Ricl 
to t 
nice 


part 
Bio 
sity 
at | 


foll 


olo 
Be! 
the 
soc 
cal 


cre 
me 
tio 





ted 
the 


10- 

of 
ton 
2m- 

of 
ard 
ber. 
Sa 
nce 
ity, 


the 
ver- 
lean 
and 
will 


‘lin- 
air- 
tud- 
1 is 
saty 


yeen 
erry 
» be 
‘ass. 
een 
tric 
lan- 


con- 
hys- 
as a 
1 of 
au’s 


stry, 
tion, 
960 
\SSO- 
1em- 


» 132 





ists. The award is presented annually 
to a scientist who has made an out- 
standing contribution to the develop- 
ment of methods for the analysis of 
food, drugs, cosmetics, feeds, fertilizers, 
or pesticides, or for use in general ana- 
lytical chemistry. 


Paul D. Rosahn, associate clinical 
professor of pathology, Yale University 
School of Medicine, who has been serv- 
ing as visiting professor of pathology 
at the University of Medical Sciences, 
Bangkok, Thailand, recently received 
an honorary degree from the Thai uni- 
versity at a special convocation in Bang- 
kok. The degree was conferred by 
Prime Minister Sarit Thanarat acting 
as chancellor of the university. This is 
the first time that a foreigner has been 
so honored. 


Robert C. Seamans, Jr., chief engi- 
neer Of the Missile Electronics and 
Controls Division of the Radio Cor- 
poration of America, has been named 
associate administrator of the National 
Aeronautics and Space Administration, 
effective 1 September. He will succeed 
Richard E. Horner, who has resigned 
to become senior vice president, tech- 
nical, at Northrop, Inc. 


George K. Reid, formerly of the de- 
partment of zoology and Bureau of 
Biological Research, Rutgers Univer- 
sity, is now senior professor of biology 
at Florida Presbyterian College, a new 
4-year, liberal arts college to be opened 
in September in St. Petersburg. 


Recent major faculty appointments 
at Dartmouth Medical School are as 
follows. 

Kurt Benirschke is professor of path- 
ology and chairman of the department. 
Benirschke was formerly pathologist for 
the Boston Lying-In Hospital and as- 
sociate in pathology at Harvard Medi- 
cal School. 

R. Clinton Fuller is professor of mi- 
crobiology and chairman of the depart- 
ment. Fuller has been chief of the sec- 
tion of microbiology at Brookhaven 
Laboratories since 1954, and for the 
past 2 years has been a visiting scientist 
at Oxford University. 

Lafayette Noda is professor of bio- 
chemistry and chairman of the depart- 
ment. Noda was formerly associate pro- 
fessor of biochemistry at Dartmouth. He 
succeeds Manuel Morales, who resigned 
the biochemistry chairmanship on 1 
July to accept a career investigatorship 
with the American Heart Association. 
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John P. Bunker, now on the staff of 
the Massachusetts General Hospital and 
assistant clinical professor of anesthesia 
at Harvard Medical School, has been 
named professor and chief of anes- 
thesia at Stanford University School 
of Medicine. 

Also at Stanford, Daniel J. Feldman 
has been appointed director of reha- 
bilitation services and associate pro- 
fessor of medicine. He is now associ- 
ate professor at New York University 
School of Medicine in the Institute of 
Physical Medicine and Rehabilitation. 


Frederick P. Ferguson, formerly pro- 
fessor of physiology and acting head of 
the department of physiology, Univer- 
sity of Maryland School of Medicine at 
Baltimore, has been appointed chief of 
the research fellowships section of the 
Research Training Branch, Division of 
General Medical Sciences, National In- 
stitutes of Health. 


Kanematsu Sugiura, member emeri- 
tus of the Sloan-Kettering Institute for 
Cancer Research, was awarded the Or- 
der of the Sacred Treasure, Third Class, 
by His Majesty the Emperor of Japan 
on 21 June in recognition of his contri- 
butions to Japanese-American friend- 
ship and of contributions in the field of 
cancer research. 


F. J. Reithel, head of the chemistry 
department at the University of Oregon, 
Eugene, and currently on leave at the 
National Science Foundation, will be 
on sabbatical leave during 1960-61 at 
the National Heart Institute, Bethesda, 
Md. He will return to Oregon in the 
summer of 1961. 


R. F. Rinehart has returned to his 
position of professor of mathematics at 
Case Institute of Technology after a 2- 
year leave of absence spent as director 
of special research and operations re- 
search at Duke University. 


H. E. Butler, principal scientific of- 
ficer, Royal Observatory, Edinburgh, 
Scotland, will be in this country until 
16 September. His itinerary includes 
the Mount Wilson and Palomar Ob- 
servatories, Pasadena, Calif.; Boulder, 
Colo.; Washington (2 Sept.); and New 
York. 


George K. Davis, professor of nutri- 
tion in the University of Florida’s Col- 
lege of Agriculture, has been named di- 
rector of nuclear activities for the uni- 
versity. 


Recent Deaths 


Victor V. Anderson, Staatsburg, N.Y.; 
81; psychiatrist and founder and direc- 
tor of the Anderson School, Staatsburg; 
first president of the American Ortho- 
psychiatric Association; helped to es- 
tablish the first child-guidance clinics in 
this country and aided mental health 
surveys in a number of cities and states; 
26 July. 

Duc Maurice de _ Broglie, Paris, 
France; 85; a member of the Scientific 
Committee of the French Atomic Ener- 
gy Commission; a pioneer in nuclear 
research, including radioactivity, ioniza- 
tion of gases, and corpuscular physics; 
member of the Académie Frangaise and 
the Royal Society of London; 14 July. 

Sir Ernest Rock Carling, London, 
England; 83; noted surgeon and an au- 
thority on the effect of radiation on 
human beings; chairman of the Inter- 
national Commission on Radiological 
Protection; 15 July. 

Ward F. Davidson, Port Washington, 
N.Y.; 69; retired director of research 
for the Consolidated Edison Company 
of New York; pioneer in the study of 
air pollution and smoke control; 12 
July. 

Stanley B. Freeborn, Woodland, 
Calif.; 68; chancellor emeritus of the 
University of California at Davis; taught 
entomology at Davis for 45 years; was 
an authority on malaria and malaria- 
bearing mosquitoes; 17 July. 

Theodore F. Herdegen, Philadelphia, 
Pa.; chemist, documentalist, and admin- 
istrator at. Smith, Kline and French 
Laboratories; head of the documenta- 
tion section in the company’s science 
information department; 5 July. 

Clyde K. M. Kluckhohn, Cambridge, 
Mass.; 55; professor of anthropology 
at Harvard University; played a major 
role in organizing the Russian Research 
Center at Harvard and directed it from 
1947 to 1954; also served as curator 
of Southwestern American Ethnology 
at the Peabody Museum; author and 
coauthor of books on the physical, 
social, and archeological branches of 
anthropology; in 1949 his Mirror for 
Man won a $10,000 prize as the best 
book on science for the general public; 
29 July. 





Erratum: The name of the new chairman of 
Mathematics Division at the National Academy 
of Sciences—National Research Council is J. 
Barkley Rosser, not J. Barker Rosser, as given 
on page 341 of the 5 August issue. 

Erratum: The 10th Pacific Science Congress of 
the Pacific Science Association will be held at 
the University of Hawaii, Honolulu, from 21 
August to 6 September 1961, rather than 1960, as 
indicated in the list of Forthcoming Events in 
recent issues of Science. 
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Conflict of Interest and Federal Service. 
Special Committee on the Federal 
Conflict of Interest Laws of the As- 
sociation of the Bar of the City of 
New York. Harvard University 
Press, Cambridge, Mass., 1960. xvi + 
336 pp. $5.50. 


Two years of research by a distin- 
guished committee of the Association 
of the Bar of the City of New York 
have resulted in a lucid explanation of 
the present conflict-of-interest laws; a 
penetrating evaluation of their effective- 
ness in operation; and a recommended 
program for improvement and clarifi- 
cation of the law in the light of modern 
conditions. A well-written book, the 
Bar Association study dramatically 
highlights the fact that our government 
is using archaic tools to deal with 
ethical problems—that these tools not 
only fail to achieve their purpose but, 
in addition, have pernicious side effects. 

Before we examine this book in de- 
tail, it may be useful to briefly identify 
and isolate the problem it treats. The 
conflict-of-interest laws constitute a 
body of seven statutes, six of them 
criminal, designed to prevent venality, 
or the appearance thereof, in the de- 
cision-making processes of the federal 
government. Their purpose is to pre- 
vent situations of conflicting interest 
from arising, the interests in conflict 
being, on the one hand, the interest of 
the public in maintaining integrity in 
government and, on the other, the in- 
terest of the government official in his 
personal economic affairs. 

At the outset, the authors present an 
analysis of the seven statutes in ques- 
tion. Their description is clear and 
concise, and should be easily followed 
by both lawyer and nonlawyer alike. 

In one group are treated the four 
19th-century statutes. Briefly, one 
statute forbids a government employee 
to assist, or act as the agent or attorney 
for, another in the prosecution of a 
claim against the United States (18 USC 
283). A second forbids the govern- 
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ment employee to render services to a 
private party in relation to any matter 
in which the United States is a party 
or is directly or indirectly interested (18 
USC 281). A third generally prohibits 
bribery in connection with procure- 
ment of government contracts (18 USC 
216). The final 19th-century law pro- 
hibits the government employee from 
acting for the government in a transac- 
tion with any business entity of which 
he is an officer or in which he has a 
pecuniary interest (18 USC 434). 

In a second group are the two post- 
employment statutes. The first is ap- 
parently hortatory since it contains no 
sanction (5 USC 99). The second is, 
however, of greater concern, for it car- 
ries a criminal penalty if, during a 
period of two years after he leaves 
government service, a former employee 
acts as attorney or agent for ihe prose- 
cution of a claim against the United 
States, provided that claim involves 
subject matter with which the former 
employee was directly connected while 
he was in government service (18 USC 
284). 

A final and perhaps the most trouble- 
some of the conflict-of-interest laws 
forbids an employee to receive any 
salary in connection with his services 
as such officer or employee from any 
nongovernmental source (18 USC 
1914). 

The incisive analysis which accom- 
panies each statute demonstrates the 
multitude of difficulties engendered by 
inartful wording and the fact that the 
laws provide solutions to problems of 
the 19th rather than the 20th century. 

As the authors point out, the vague 
terminology in the statutes leads them 
to cut a wider swath than is either 
necessary or desirable: For example, 
what constitutes “transaction of busi- 
ness?” What is meant by “prosecuting 
a claim” or when is a person being 
paid “in connection with” services ren- 
dered to the government? This latter 
restriction, in particular, with its “buck- 
shot” approach to conflicts of interest, is 


plainly ridiculous in an era of heavy 
governmental reliance on the services 
of part-time consultants and advisers. 
Can we expect successful scientists, pro- 
fessionals, and businessmen to give up 
vital economic benefits in order to work 
three or four days a month for the 
government? The answer is obvious, 
and where the Congress has not pro- 
vided exemptions to this law, adminis- 
trators have been forced to wink an 
eye and pass on to more pressing prob- 
lems. 

In contrast, by virtue of their nar- 
row focus on 19th-century problems, 
the statutory restraints frequently fail 
to cover important areas of “substan- 
tive risk.” For example, it is a paradox 
to speak only of “prosecuting claims” 
in an era when the government is a 
dispenser of television licenses, construc- 
tion permits, certificates of convenience 
and necessity, and a multitude of other 
economic advantages. Similarly, it is 
incongruous to talk only of a trans- 
action with a “business entity” when 
nonprofit educational institutions fre- 
quently have a greater stake in govern- 
ment contracts than their profit-seeking 
cousins in the market place. 

The authors could undoubtedly list 
their indictment ad infinitum but the 
gravaman of their complaint is that 
our existing restraints are crude, obso- 
lescent tools, unable to cope effectively 
with modern problems. 

From a lawyer’s standpoint, render- 
ing advice on this body of law is a 
nightmarish ‘endeavor. The authors 
accurately point out that “these statutes 
generate an array of legal devices con- 
sidered to legitimately avoid the stat- 
utes.” One may argue that no difficulty 
exists so long as lawyers can engage 
successfully in these mental gymnastics, 
but a serious moral problem arises when 
we place reliance on such efforts. There 
is no doubt, as the authors point out, 
that: “When this happens, the law is 
made to appear ludicrous, legal adminis- 
tration is undermined, the underlying 
policy of the law is subverted, and the 
conscientious carry the heaviest bur- 
den.” 

While this consideration alone may 
be sufficient to raise a hue and cry for 
a revamping of the conflicts statutes, 
the study carefully points out the ad- 
ditional unwholesome effect which the 
statutes have on recruitment, particu- 
larly recruitment of political executives 
and intermittent employees. But, in 
the special chapter devoted to prob- 
lems of the scientist, all the critical 
factors involved in evaluating the con- 
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fiict-of-interest laws come into sharpest 
focus. 

The authors call attention to the fact 
that the federal government today pays 
for approximately one-half of all scien- 
tific research, engineering, and develop- 
ment in the United States and that 
scientific inquiry is the product of a 
joint venture between the public and 
private sectors of the economy. Scien- 
tific inquiry thus typifies the mixed 
economy in action, and it is precisely 
at this juncture that the lines between 
public and private interest become 
blurred. 

The book records, with impact, the 
changed status of America’s scientists. 
In the last decade, many scientists have 
become men of property with strong 
business or institutional ties to the priv- 
ate sector of the economy. At the 
same time, their government’s need for 
intermittent advisory and consultative 
services has grown greater as the coun- 
try finds itself challenged by an adver- 
sary that uses technological advance- 
ment as a Pied Piper’s flute to lead the 
uncommitted and backward peoples of 
the world. 

It is thus commonplace for the scien- 
tist who works as an intermittent gov- 
ernment employee to have some sub- 
stantial and personal economic interest 
residing with either a business firm or 
a university. The present system of 
restraints is simply unsuited to the 
problems faced by the men of science 
whose necessary posture is astride the 
public and private sectors of our 
econemy. In one sense, coverage under 
the present system is too narrow; 
in another, it is dangerously broad. 

There are many areas of substantive 
tisk unreached by our present law be- 
cause of its orientation toward repre- 
sentative services in the “prosecution 
of claims.” The law is, in addition, vir- 
tually blind to the economic and pres- 
tige interests of our educational institu- 
tions. There is no question that substan- 
tial benefits can accrue to a university 
by having its key personnel sit on gov- 
ernment boards which influence the di- 
tection of research and the placement 
of contracts. 

On the other hand, as the authors 
note, “rigorous application of even the 
existing conflict of interest statutes could 
severely cripple governmental recruit- 
ment in a most critical area—scientific 
development.” The authors are not 
alarmist in this warning, and I do not 
intend to be alarmist in echoing that 
conclusion, but it must be said that 
their observation rings true. Conscien- 
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tious administrators operating under 
the requirements of this neolithic ap- 
paratus have been forced at times to do 
without the services of fine scientific 
talent. This problem will become severe 
in the future as the scientist becomes an 
increasingly significant figure in the 
public arena. 

The scientist’s case is but illustrative. 
Similar problems are faced by the law- 
yer or the businessman called upon to 
devote his talents to the government on 
a temporary or part-time basis. If we 
are to proceed under a system of law 
that fails to consider the growth of big 
government with its consuming need 
for professional and technical talent; 
the extensive development of a mixed 
economy; and the major increase in 
the use of consultants, intermittent em- 
ployees, and contractor personnel; then 
we must be prepared for some decrease 
in the efficiency of governmental opera- 
tion. Although Congress, in exercising 
its legislative and investigative powers, 
and administrative agencies, in promul- 
gating regulations and codes of ethics, 
have done helpful, if uneven, work in 
handling conflicts problems, there re- 
mains an undeniable need for a sweep- 
ing revision of the law. 

This study calls for a new approach 
to conflict-of-interest problems—a plan 
which “neither sacrifices integrity for 
opportunism nor drowns practical staff- 
ing needs in moralism.” The authors 
have given us such a plan in the form 
of a well-considered program and im- 
plementing statute. 

The new program suggested by the 
Association of the Bar of the City of 
New York is an integrated and com- 
prehensive system of restraints appli- 
cable to employees of the executive 
branch. It combines that which is use- 
ful in our present body of law with a 
series of original proposals designed to 
balance the two principal policy con- 
siderations at stake—the preservation 
of integrity in government and the as- 
surance that our country obtains the 
personnel it needs to progress and, in- 
deed, to survive in the modern world. 

Perhaps the most startling innova- 
tion in this new program is its resort 
to the administrative process rather 
than to the criminal law. The agencies 
of government would be responsible not 
only for enforcing the new program, 
but for amplifying it through the adop- 
tion of detailed administrative regula- 
tions. While the proposed statute sets 
forth six basic restraints on employee 
conduct, it will be for the agencies and 
the administration to spell out these 


restraints in greater detail, tailoring their 
regulations to their own particular 
needs. Here the authors have taken a 
cue from Aristotle: “It is impossible 
that all things should be precisely set 
down in writing; for enactments must 
be universal, but actions must be con- 
cerned with particulars. . . .” This ob- 
servation is particularly applicable 
where the law seeks to deal with subtle 
ethical problems, for in no single em- 
bodiment of law can the multitude of 
conflict-of-interest problems be dealt 
with effectively. Flexibility is required, 
and all the tools to achieve that flexi-_ 
bility are found in the modern admis- 
trative process. 

Although there is basic reliance on 
this administrative process, the authors 
have included a civil as well as a crimi- 
nal penalty for flagrant violations. 
However, in the ordinary case, the 
agency will wield the more direct and 
practical sanctions of suspension, dis- 
missal, or reversal of improperly in- 
fluenced decisions. This intelligent pro- 
posal places authority where the re- 
sponsibility is, or should have been. 

Two other basic concepts are of in- 
terest. First, the program draws a vital 
and long-needed distinction between 
“regular” and “intermittent” employees 
of the federal government. The in- 
termittent employee is subjected to 
fewer restrictions on conflicting inter- 
ests: For example, there is no prohibi- 
tion on his receipt of outside compen- 
sation. In addition, while a regular 
employee may not assist private parties 
for pay in transactions involving the 
government, the intermittent employee 
would be free to do so unless the trans- 
action is, or had been, within two 
years, under his official responsibility 
or was a transaction in which he sub- 
stantially and personally participated 
on behalf of the government. 

A second important feature of the 
new program is the concept of govern- 
ment action. As defined in the statute, 
it reaches beyond the _ traditional 
“claim” or “contract,” the integrity of 
which is so jealously and shortsighted- 
ly guarded by the present law. This 
new concept will cover transactions 
such as urban development loans, mer- 
ger clearances, television franchises, and 
the multitude of privileges which can 
be dispensed by the modern executive 
branch. 

After outlining these basic innova- 
tions in conflict-of-interest laws, the 
authors set out six basic rules of con- 
duct for executive branch employees. 

First, a government employee must 
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disqualify himself from participating in 
any transaction in the consequences of 
which he has a substantial economic in- 
terest. It is expected that the President, 
through regulations, will define “sub- 
stantial economic interest.” It should 
be noted also that disqualification may 
be required if the economic interest in 
question is held by the employee’s wife, 
child, or firm. This rule thus recognizes 
qualitative and quantitative differences 
in economic interests. It also provides 
for exemptions to be made by the Presi- 
dent in situations where an exemption is 
in the national interest. 

A second restraint prohibits a regu- 
lar employee from assisting others for 
pay in transactions involving the gov- 
ernment. As noted earlier, this restraint 
is somewhat relaxed for the intermittent 
employee. 

The authors further propose that 
regular employees will not be permitted 
to have their pay supplemented by “‘any- 
thing of economic value” from a non- 
governmental source in consideration 
of services rendered to the government. 
This restraint would not be applicable 
to intermittent employees or those serv- 
ing without compensation. It also ex- 
cludes from the ambit of its coverage 
certain private security-oriented inter- 
ests, such as industrial pension and re- 
tirement plans. 

In two other sections, the authors 
delineate rules of conduct with respect 
to gifts and the abuse of government 
office. While the section on gifts adds 
little certainty to present law, the sec- 
tion devoted to abuse of office is new 
and of special interest. This latter pro- 
vision forbids a government employee 
to use his office in such a manner as to 
induce a person doing business with, or 
subject to regulation by, the employee’s 
agency to provide the government em- 
ployee with “anything of economic 
value.” This section thus effectively 
deals with bribery and the problem of 
blatantly improper gifts. 

In the area of postemployment re- 
strictions, we find another interesting 
change. Once having played a direct 
and integral part in a given transaction 
as a government employee, the individ- 
ual, upon leaving government service, 
is thereafter permanently barred from 
assisting any other person in connection 
with that transaction. If the degree of 
contact amounts only to “official re- 
sponsibility,” the bar is for a period of 
two years. Thus, for situations of actual 
conflict, the authors properly suggest 
an indefinite bar, but for situations of 
potential conflict, they propose only a 
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“cooling-off” period of two years. This 
section would be applicable equally to 
both regular and intermittent employees. 

After a brief review of these new 
suggested restraints, it is apparent that 
they provide no panacea and that not 
all the vagary in the present law has 
been eliminated. But it should be re- 
membered that the drafters anticipate 
that the President and his administration 
will fill in and amplify these proposals. 

Unquestionably, the most significant 
aspect of this proposed program is its 
reliance on administrative procedures. 
In reality, the administrative agencies 
have always been responsible for regu- 
lating conflicts of interest, but now it is 
proposed that responsibility should be 
complemented by authority exercisable 
in accordance with clear, modern guide- 
lines. To those who fear laxity in the 
administrative process, it can only be 
said that experience has proved the 
criminal law to be ineffective as an 
instrument for dealing with conflict- 
of-interest problems. A time for experi- 
mentation has arrived, and if that ex- 
periment takes the form suggested by 
this forthright and well-considered study 
by the Association of the Bar of the City 
of New York, I feel confident of its 
success. 

JacK R. NEWMAN 

Office of the General Counsel, 
U.S. Atomic Energy Commission 


Clinical Chemical Pathology. C. H. 
Gray. Edward Arnold, London; Wil- 
liams and Wilkins, Baltimore, Md., 
ed. 2, 1959. iii + 160 pp. Illus. $3.75. 


The second edition of this short text 
preserves well the first edition’s excel- 
lent presentation of the chemical aspects 
of disease. The chapters on the function 
of the liver have been modified to in- 
clude the newly developed function 
tests, while the chapter on the chemical 
pathology of the alimentary tract has 
been much reduced in length. A new 
chapter on fats has been added, and the 
chapter on biochemical tests in en- 
docrine disease has been rewritten to 
include recent advances. The discussion 
of salt and water deficiency is excellent. 

While this book offers much to the 
medical student, it appears to be an 
essential companion for laboratory 
technicians; by using it, the latter will 
obtain an appreciation of the value and 
the limitations of biochemical analyses. 

A. Epwarp A. HupsoNn 
Goldsboro, North Carolina 





Quantum Chemistry. Methods and ap- 
plications. R. Daudel, R. Lefebvre, 
and C. Moser. Interscience, New 
York, 1959. xiii + 572 pp. Illus. 
$14.50. 


The appearance of this book fills a 
gap in the basic literature relating to 
the application of quantum mechanics 
to chemical problems. During the past 
30 years, research in two areas related 
to this field has been extensive and var- 
ied: in the semiempirical quantum me- 
chanical treatment of molecular proper- 
ties and in the development of detailed 
and elaborate methods for obtaining 
more accurate wave functions for quan- 
tum mechanical methods used in study- 
ing molecules. Indeed, the literature is 
so vast.that it discourages all but the 
most ambitious beginner who wishes to 
specialize in the field, and it presents a 
confusing mass of detail to the non- 
specialist who wishes to use the results 
of these studies to understand his own 
problems. This volume provides an 
excellent summary of the situation to 
date and at the same time gives enough 
details concerning the various methods 
and their application to enable the inter- 
ested chemist to use them in studying 
his problems. 

Quantum Chemistry is divided into 
two parts. Part 1 proceeds from a rela- 
tively simple, nonmathematical presen- 
tation of the concepts of quantum me- 
chanics to the development of the 
quite simple principles that are needed 
to understand the very numerous ap- 
proximate methods developed for the 
study of bond lengths and angles, ex- 
citation energies and transition prob- 
abilities, reaction mechanisms and 
rates, and so forth. Each of these prob- 
lems is then discussed in separate 
chapters, with copious examples for 
illustration. This part of the book is 
very easily read, and the discussions 
are sufficiently detailed to provide any 
interested chemist with the tools for a 
clearer understanding of the relation- 
ships between molecular structure and 
experimental results in either equilib- 
rium or rate studies. 

In Part 2 the authors delve much 
more deeply into quantum theory and 
discuss in detail the higher order ap- 
proximations which are necessary once 
the useful limits of the simpler approxi- 
mations are reached. This part of the 
book will be particularly useful to ad- 
vanced graduate students who are plan- 
ning to specialize in quantum chemical 
theory, and it will also be useful to the 
nonspecialist for checking his efforts 
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before he becomes too enthusiastic in 
applying the simple methods given in 
Part 1. 

Most of both parts are devoted to 
approximations based on the molecular 
orbital approach, although other ap- 
proaches, particularly the valence 
bond method, are discussed in some de- 
tail. As the authors admit, many of the 
methods of calculating wave functions 
and their properties have been omitted, 
but the extent of the actual coverage 
is impressive. 

All in all, this book certainly rep- 
resents the most useful and easily as- 
similated discussion of quantum chem- 
istry and its applications in this field 
which is available to date. The authors 
are to be congratulated. 

M. B. WALLENSTEIN 
National Bureau of Standards, 
Washington, D.C. 


Physics of the Atom. M. Russell Wehr 
and James A. Richards, Jr. Addison- 
Wesley, Reading, Mass., 1960. xi + 
420 pp. Illus. $8.50. 

Elementary Modern Physics. Richard 
T. Weidner and Robert L. Sells. Al- 
lyn and Bacon, Boston, Mass., 1960. 
xi + 513 pp. Illus. $8.50. 


Here are two good, new books on 
modern physics, a field comprising 
chiefly relativity, quantum physics, 
solid-state physics, and atomic and nu- 
clear structure. These books are written 
at about the same level—namely, to 
follow a general physics course in which 
calculus is employed. Both require cal- 
culus as a prerequisite; both use the 
rationalized mks system of units; both 
are about the proper length for a one- 
semester course; one contains 11 chap- 
ters, and the other, 12. 

Both the textbooks have a gratifyingly 
large number of problems at the end of 
each chapter, and answers to odd-num- 
bered problems at the back. In layout 
and typography they leave nothing to be 
desired; the many line drawings are 
clear, and a few halftone illustrations 
are included where most appropriate. 
Interestingly enough, in both books im- 
portant equations are boxed for empha- 
sis. In both, references for collateral 
reading, at a comparable or somewhat 
higher level, are listed at the ends of the 
chapters; the Wehr and Richards vol- 
ume lists journal articles as well as 
standard reference or textbooks. 

Wehr and Richards follow essentially 
the chronological sequence of the great 
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discoveries in moderr physics. The first 
three chapters give the atomic view of 
matter, electricity, and radiation; the 
fourth chapter presents the atomic mod- 
els of Rutherford and Bohr. Chemical 
evidence is often quoted; this a use- 
ful feature, since most students at this 
level have studied general college chem- 
istry. Some good experiments, not often 
seen in textbooks, are mentioned—for 
example, the experiment of Zartman 
and Ko, which confirmed the Maxwel- 
lian velocity distribution. The chapter 
on relativity is well done, and so is the 
one on x-rays. Then follow a chapter 
on waves and corpuscles, one on solid- 
state physics, and finally, four chapters 
on phases of nuclear physics. 

The illustrations reveal excellent in- 
genuity and laudable clarity; the dia- 
gram of the x-ray powder-diffraction 
process is novel and most revealing 
(page 157). An item that will be found 
useful by instructors as well as by stu- 
dents is the 20-page appendix, listing 
in chronological order from 550 B.c. to 
1958 the various key experiments and 
theories bearing on the atomic view of 
nature (the nationalities of the many 
persons included are also indicated). An- 
other appendix lists the Nobel prize 
winners in physics and chemistry, 
through 1958. 

The text by Weidner and Sells cov- 
ers essentially the same subject matter, 
but it is organized in a nonchronolog- 
ical manner that is said to be logically 
coherent and sequential. The first chap- 
ter is an excellent review of the:appro- 
priate areas of classical physics. Next 
comes a chapter on relativity, then two 
on quantum effects, then three on op- 
tical and x-ray spectra. In the three 
chapters on nuclear physics, the subject 
is introduced by describing accelerating 
machines and detection devices; this is a 
rather novel order. The final chapter is 
devoted to molecular and solid-state 
physics. An attractive feature of this 
textbook is the short summary given at 
the end of each chapter. In fact, the 
subject matter, content, and level of the 
book can readily be ascertained by 
reading the 11 summaries (there is none 
for the first chapter). 

A useful feature is the listing in large 
type, on the inside front and back cov- 
ers of the book, of the nine physical 
constants and the four rest masses and 
rest energies commonly used in compu- 
tations. Students working on problem 
assignments will find this to be a great 
time saver. 

The choice between these textbooks 
will probably be made on the basis of 


whether or not the prospective user 
feels strongly about the chronological 
order of presentation, and whether his 
pet topics are emphasized. For exam- 
ple, Weidner and Sells give a more 
thorough treatment of ‘atomic spectra, 
whereas Wehr and Richards illustrate 
the band theory of solids by explaining 
the operation of a number of semicon- 
ductor devices. We feel that each book 
is an excellent treatment of modern 
physics on the elementary level and that 
these textbooks constitute a formidable 
challenge for subsequent authors and 
publishers in this field. 
S. S. BALLARD 
F. E. DUNNAM 
Department of Physics, 
University of Florida 


The Ongoing State University. James 
L. Morrill. University of Minnesota 
Press, Minneapolis, 1960. 143 pp. 
$3.50. 


Much has been said and written 
about the American state university, 
but never more wisely than in this 
book, The Ongoing State University, 
by James L. Morrill. Published just 
before the author retired after serving 
for 15 years as president of the Uni- 
versity of Minnesota, it is a skillful 
adaptation from what must have been a 
considerable number of speeches made 
between 1945 and 1960. 

The first three chapters—“The land- 
grant idea,” “Knowledge for use,” and 
“Servant of all the people”—highlight 
service aspects of the state university 
and set the tone for the volume. De- 
velopmental and administrative fea- 
tures of American higher education, 
which so frequently confuse and con- 
found foreign observers, are dealt with 
in chapter 4. Five chapters are con- 
cerned with such prickly topics as aca- 
demic freedom and responsibility, re- 
ligion in the state university, athletics, 
public relations, and the alumni. Fi- 
nally, to round out a dozen closely 
packed chapters, Morrill makes some 
pointed observations about the re- 
sponsibility of a state to its university, 
the relations of higher education and 
the federal government, and education 
as an investment in the future. 

In his preface, Morrill states: “Like 
politics, university administration is 
also the art of the possible, of helping 
to make possible the aims of both the 
philosophical and the practical as 
scholarship and science and society 
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are able to perceive and conceive these 
aims.” Although some scholars and 
scientists regard the administrative role 


as largely supernumerary, I believe 
that all who have known the distin- 
guished career of “Lew” Morrill will 
agree that his positive leadership in 
higher education has meant a great 
deal, not only to Minnesota but also 
to the nation as a whole. This book 
will be of particular interest to them. 
More than that, however, it is full of 
insights which will enhance anyone’s 
understanding of an increasingly im- 
portant American institution, the state 
university. 

LoGAN WILSON 
University of Texas, Austin 


Introduction to Quantum Field Theory. 
F. Mandl. Interscience, New York, 
1960. vii + 202 pp. Illus. $6. 


Two claims are made for this slender 
volume: first, that it is an introduction 
to the basic ideas of field quantization 
and, second, that “it should make the 
reader expert at handling modern per- 
turbation-theoretic methods in quan- 
tum theory.” One might be inclined 
to question the optimism with which 
the second claim is phrased, but it must 
be admitted that the author has a 
knack for exposition that goes far to 
substantiate the claim. 

The weakness of the book is all too 
obvious, and perhaps even inevitable. 
Quantum field theory is a subject which 
is not yet in a definitive form. There- 
fore one must certainly include a large 
amount of background material in or- 
der to make intelligible the more recent 
developments which are not included 
in the present volume. Tnis background 
material is provided in the book writ- 
ten by Schweber, Bethe, and de Hoff- 
man; and in essence, Mandl has in- 
cluded no more modern material in his 
volume than is included in the above 
mentioned text. There is no mention of 
the recent work of Jost, Lehmann, 
Symanczik, and others who have ex- 
plored the results of dispersion theory. 
This is a regrettable omission, in view 
of the book’s 1959 copyright date. 

The topics discussed are presented 
with a notable felicity of style. Mandl 
begins by axiomatically introducing 
creation and annhilation operators, that 
is, by omitting the usual treatment of 
harmonic oscillators. This topic is fol- 
lowed by a discussion of classical fields, 
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field quantization, and the interaction 
representation; and the results obtained 
are applied in some detail to mesons, 
fermions, and photons. Then the 
author introduces interactions and this 
discussion leads to a consideration of 
the S-matrix and its representation in 
terms of Feynman diagrams. The ele- 
mentary results are applied to ‘Compton 
and Coulomb scattering. Finally, some 
of the refined results of diagrammatic 
techniques are presented and renormali- 
zation is discussed. 

It is difficult not to recommend this 
book; the style of writing is uniformly 
high, but the book is inadequate as a 
text for a course in quantum field theory 
because of its omissions. It is, never- 
theless, a valuable introduction to dia- 
gram methods and can be recommended 
to workers in statistical mechanics and 
solid state physics who may not be as 
interested as theoretical physicists in the 
intricacies of quantum electrodynamics. 

GEORGE WEISS 
Institute for Fluid Dynamics and 
Applied Mathematics, University of 
Maryland 


New Books 


Biological and Medical Sciences 


Marti-Ibanez, Felix, Ed. Henry E. 
Sigerist on the History of Medicine. M.D. 
Publications, New York, 1960. 324 pp. 
$6.75. Twenty-seven papers are reprinted 
from various journals and books. 

McDonald, Lawson, Ed. Pathogenesis 
and Treatment of Occlusive Arterial Dis- 
ease. Lippincott, Philadelphia, Pa., 1960. 
249 pp. $5. Proceedings of a conference 
held in London at the Royal College of 
Physicians on 13-14 November 1959, 

Newell, Frank W., Ed. Glaucoma. Josiah 
Macy, Jr. Foundation, New York, 1960. 
224 pp. $8. Transactions of the 4th con- 
ference, 1959. 

Peeters, H., Ed. Protides of the Biologi- 
cal Fluids. Elsevier, New York, 1960 
(order from Van Nostrand, Princeton, 
N.J.). 430 pp. $15.75. Proceedings of the 
7th colloquium held in Bruges; some of 
the papers presented at the colloquium 
have been published in Clinica Chimica 
Acta; only summaries of these papers are 
included in this volume. 

Reynolds, S. R. M., and Benjamin W. 
Zweifach, Eds. The Microcirculation. Univ. 
of Illinois Press, Urbana, 1959. 178 pp. 
$4.50. Proceedings of the Sth conference 
on microcirculatory physiology and pa- 
thology; presents discussions on the fac- 
tors that influence the exchange of sub- 
stances across the capillary wall. 

Roberts, D. F., and G. A. Harrison. 
Natural Selection in Human Populations. 
Pergamon, New York, 1959. 84 pp. $3. 
Papers given by invited speakers at the 
first full meeting of the newly constituted 


Society for the Study of Human Biology, 
8 November 1958; contributors are L. §. 
Penrose, A. R. G. Owen, C. A. Clarke, 
P. M. Sheppard, T. Dobzhansky, and E. H. 
Ashton. 

Roemer, Milton, I., Ed. Henry E. 
Sigerist on the Sociology of Medicine. 
M.D. Publications, New York, 1960. 407 
pp. $6.95. Thirty-one essays, 28 of which 
have been previously published. 

Semmes, Josephine, Sidney Weinstein, 
Lila Ghent, and MHans-Lukas Teuber 
Somatosensory Changes after Penetratiig 
Brain Wounds in Man. Harvard Univ. 
Press, Cambridge, Mass., 1960. 104 pp. $4. 

Seven, Marvin J., and L. Audrey John- 
son, Eds. Metal-Binding in Medicine. Lip- 
pincott, Philadelphia, Pa., 1960. 413 pp. 
$13.75. Papers and panel discussions from 
a symposium sponsored by Hahnemann 
Medical College and Hospital in May 
1959. 

Simpson, George Gaylord, Anne Roe, 
and Richard Lewontin. Quantitative Zo- 
ology. Harcourt, Brace, New York, rev, 
ed., 1960. 447 pp. $8. Complete revision 
of the first edition (by Simpson and Roe) 
published in 1939. 

Smith, E. Lester. Vitamin B12. Methuen, 
London; Wiley, New York, 1960. 208 
pp. $3. 

Stanton, Isabel Alice. A Dictionary for 
Medical Secretaries. Thomas, Springfield, 
Ill., 1960. 183 pp. 

U.S. Public Health Service. The Central 
Nervous System and Behavior. Russian 
Scientific Translation Program, National 
Institutes of Health, Bethesda, Md., 1960. 
1060 pp. Collection of 70 articles trans- 
lated from the Soviet medical literature 
and prepared primarily for participants at 
the third Macy conference on the central 
nervous system and behavior. 

Waterman, Talbot H., Ed. The Physi- 
ology of Crustacea. vol. 1, Metabolism and 
Growth. Academic Press, New York, 1960. 
687 pp. $22. 


Mathematics, Physical Sciences, 
and Engineering 


Alt, Franz L., Ed. Advance in Com- 
puters. vol. 1. Academic Press, New York, 
1960. 326 pp. $10. 

Ashby, W. Ross. Design for a Brain. 
The origin of adaptive behavior. Wiley, 
New York; Chapman and Hall, London, 
ed. 2, 1960. 295 pp. $6.50. 

Cooke-Yarborough, E. H. An Introduc- 
tion to Transistor Circuits. Oliver and 
Boyd, London; Interscience, New York, 
1960. 170 pp. $3.50. 

Dean, John A. Flame Photometry. Mc- 
Graw-Hill, New York, 1960. 362 pp. 
$11.50. 

Earhart, E. W., and R. D. Hindson, 
Eds. Flat Rolled Products, pt. 2, Semi- 
Finished and Finished. Interscience, New 
York, 1960. 159 pp. $4. Volume 6 in the 
Metallurgical Society Conferences series. 

George, Joseph J. Weather Forecasting 
for Aeronuatics. Academic Press, New 
York, 1960. 682 pp. $15. 

Langlois-Berthelot, R. Transformers and 
Generators for Power Systems. Their be- 
havior, capabilities and rating. Translated 
by H. M. Clarke. Philosophical Library, 
New York, 1960. 550 pp. $12. 
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Pigmy Marmoset as an 
Experimental Animal 


Abstract. The pigmy marmoset has been 
maintained under laboratory conditions 
for approximately 1% years. A synthetic 
diet has been prepared, which includes 
milk, eggs, and lard, which may cause a 
fourfold increase in serum cholesterol 
levels. This species is proposed as an 
experimental subject for the study of 
aging and age-associated diseases. 


It is desirable to determine the bio- 
chemical and physiological character- 
istics of every species. A particular trait 
in one may help to illuminate an area 
of investigation which is more complex 
or difficult to study in others. For ex- 
ample, for the study of aging and of 
age-associated disease, it would be de- 
sirable to locate a short-lived primate 
in which problems arise that are simi- 
lar to those observed in man. 

The pygmy marmoset, Cebuella pyg- 
maea (also termed Callithrix pygmaea) 
(Fig. 1), is a New World monkey 
which grows to about 4 in. in length 
(exclusive of the tail) and a maximum 
weight of less than 200 gm. It com- 
prises two subspecies, one of which, 
the Western (C. pygmaea pygmaea), 
is found in the forests of Equador, 
Colombia, and Peru; the other, the 
Eastern (C. pygmaea niveiventris), is 
found in Brazil (7). Although definite 
evidence is not yet available, reliable 
information suggests a longevity of 6 
to 8 years (2). This is considerably 
less than the average life span of other 
primates for which adequate data are 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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available (3). It thus has seemed worth 
while to investigate the possible use of 
this animal as an experimental subject 
for studying problems of aging. Our 
findings over a period of 1% years 
are reported here. 

Our pygmy marmosets, all of un- 
known age, were obtained from 
Iquitos, in eastern Peru; hence they 
are of the subspecies niveiventris. They 
were maintained in rabbit cages, each 
of which contained a small wooden 
box with an opening just large enough 
to contain all of the occupants of the 
larger cage, in relatively close prox- 
imity. As many as 20 pygmy marmosets 
were maintained in a cage, and they 
usually remained in the wooden box. 
This proved to be fortunate, for the 
cages could then be opened readily for 
cleaning and feeding without risk of 
the animals’ escaping. Furthermore, 
when specimens were to be obtained, 
the box, with its occupants, could be 
put into a sack from which one marmo- 
set was taken at a time. The boxes were 
not cleaned, since small primates do 
not do well in unfamiliar quarters; the 
presence of some of the excreta from 
their group is apparently necessary 
(4). A second box was introduced 
when it became necessary to remove 
the first, and the first was taken out 
when familiarity with the second had 
been acquired. In order to obtain speci- 
mens of blood, the marmosets were 
wrapped in a towel so that only the 
tail protruded. This seemed to tran- 
quilize them. Microspecimens could 
be taken, as with rats. 

It was essential that the temperature 
be kept uniform and high, and that the 
humidity should be high. A minimum 
temperature of 82°F was maintained 
with an automatic heater. The tempera- 
ture rose above this with the heat of 
the summer. The air was maintained 
near water-saturation by means of a 
steamer. 

Losses in newly acquired animals 
were due to infection accompanied by 
pulmonary diseases or diarrhea, or 
both. ‘Losses of animals in the colony 
were due to the introduction of infected 
new arrivals which had not been prop- 


erly quarantined, to fighting, to refusal 
to eat, and to accidental exposure to 
adverse environmental conditions. 

Although the marmosets thrive on a 
diet of various fruits and meal worms, 
it was of first interest to determine 
whether they could be maintained on 
a diet more like man’s, including milk, 
eggs, and lard. A liquid diet was pre- 
pared as follows: condensed milk, Car- 
nation brand, 400 ml; corn syrup, 
Karo brand, 25 ml; water, 400 ml; 
four eggs, 175 ml; vitamin mixture, 
Vipenta No. 2, 1.2 ml; vitamin mix- 
ture (5); salt mixture (6). 

It was calculated that 15 ml of this 
mixture, the average daily consumption, 
provided adequate nutritional intake. 
There was no other source of water. 
In addition, the marmosets were pro- 
vided with Wheat Chex saturated with 
a mixture of lard and Karo syrup, each 
50 percent by volume. This prepara- 
tion was readily consumed. Though 
numerous attempts were made to in- 
troduce meat into the diet in various 
forms, it was not accepted. 

It was necessary to wean the marmo- 
sets from the old, basal diet by pre- 
senting the new diet along with the 
basal diet and then gradually reducing 
the components of the latter one by 
one. Basal serum cholesterol levels 
(7) of new arrivals or of those on the 
basal fruit and meal-worm diet were 
167 to 250 mg per 100 cm* (210 + 28). 
Values were lower for young animals 
(those judged to be young by their 
smaller size). After introduction of the 
synthetic diet, the response of the 
animals’ serum cholesterol was varied, 
apparently depending at first upon the 
degree of adaptation to the diet. If the 
animal did well on the diet, weight was 
maintained or increased and the serum 





Fig. 1. The pygmy marmoset (Cebuella 
pygmaea). 
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cholesterol levels rose to a maximum 
value in 4 to 8 months. The greatest 
value obtained to date is 880 mg per 
100 cm®. In a number of animals, sub- 
sequent to the period of maximum 
level of serum cholesterol, which was 
maintained for several months, the 
value fell precipitously along with de- 
crease in body weight. In many cases 
this was followed by death of the ani- 
mals, in which general emaciation or 
evidence of pulmonary hemorrhagic 
edema, or both, was observed. 

We are firmly convinced that this 
species will become a useful laboratory 
animal. To date there have been no 
successful matings, however. This may 
be due to the failure to separate pairs. 
We would appreciate any information 
which other investigators may have on 
the matter of propagation of this spe- 
cies (8). 

Harry SOBEL 
CarL E. MonDOoN 
CHARLES V. MEANS 
St. Joseph Hospital, Burbank, 
Cedars of Lebanon Hospital, and 
Department of Biochemistry and 
Nutrition, University of Southern 
California, Los Angeles 
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Synxenic and Attempted Axenic 
Cultivation oi Rotifers 


Abstract. Three species of rotifers have 
now been grown synxenically and, to a 
limited extent, axenically. Brachionus vari- 
abilis thrives in suitable media contain- 
ing Chlorella pyrenoidosa and a bacterial 
species. Lecane inermis and Philodina 
acuticornis var. odiosa are _bacteri- 
ophagous, the former doing best with two 
bacterial species (dixenically), the latter 
doing well with Escherichia coli alone 
(monoxenically ). 


Relatively few species of inverte- 
brate metazoa have been cultured 
synxenically [that is, such that a species 
is grown in the presence of a known 
number (one or more) of other species 
or of their living cells (/)]. Even fewer 
have been grown indefinitely under 
axenic conditions (2). During the past 
2% years several species of the aschel- 
minth class Rotifera have been main- 
tained in xenic culture (harboring a 
mixed, undetermined microbial flora) 
in our laboratory (3, 4). Certain of 
these have been established synxenically 
and numerous efforts to initiate axenic 
cultures have been made (4-6). 

Our work has been done principally 
with two species of monogonont rot- 
ifers, Brachionus variabilis and Lecane 
inermis [the latter of which was er- 
roneously referred to as a tiny, un- 
identified “bdelloid’” in recent notes 
(3, 6)], and with a large bdelloid, 
Philodina acuticornis var. odiosa (7). 

Xenic cultures of B. variabilis were 
first maintained in Petri dishes contain- 
ing Seitz-filtered pond water, to which 
were added enough packed cells of 
axenic Chlorella pyrenoidosa (from a 
mineral medium) to give a semitrans- 
parent green turbidity apparent on in- 
spection under the dissecting micro- 
scope. To initiate a culture in this 
medium one or more egg-bearing fe- 
males, accompanied by a mixed mi- 
crobial flora, were inoculated. More 
recently, B. variabilis has been grown 
well in 13-mm outside diameter, screw- 
capped test tubes containing the same 
basal medium except that the chlorellae 
are better derived from a mineral- 
glucose medium. Lecane inermis flour- 
ishes in Petri dishes of 0.1-percent 
Horlick’s malted milk in distilled water. 
Philodina acuticornis grows vigorously 
in Petri dishes of distilled or pond water 
containing a ground-up Longlife in- 
fusoria table (8). 

By various techniques the foregoing 
rotifers have been put into dixenic or 
monoxenic cultures with certain prot- 
ists. This has generally been accom- 
plished by first axenizing eggs with 
hypochlorite followed by antibiotic 
(penicillin and streptomycin)  treat- 


ment (6) or by antibiotic treatment 
alone (6, 9). More detailed informa- 
tion is being published elsewhere (4). 

Brachionids so far studied under 
synxenic conditions (5, 8-10) are typi- 
cally algivorous. Until our culture be- 
came contaminated, we grew B. varia- 
bilis well dixenically for several months 
with serial subculturing in the presence 
of C. pyrenoidosa plus an unidentified 
species of gram-negative, rod-shaped 
bacteria. The basal medium was a 19:1 
mixture of Seitz-filtered pond water 
and concentrated C. pyrenoidosa from 
a mineral-glucose medium. With E. coli, 
instead, as the sole bacterial species, 
the rotifers died out quickly. 

By contrast, sustained monoxenic 
cultivation of B. variabilis has yet to 
be accomplished. Nathan and Lader- 
man (9) have reported limited growth 
of this species in monoxenic association 
with C. pyrenoidosa in unsupplemented 
Seitz-filtered pond water; this has also 
been our finding. However, supplemen- 
tation with traces of yeast extract and 
cyanocobalamine has led to flourishing 
cultures, although conditions permitting 
successful subculturing from these have 
not yet been worked out. Bazire (/0) 
reported culturing Epiphanes [syn. Hy- 
datina] senta monoxenically or dixeni- 
cally, with one or two species of algal 
flagellates. 

Our results with Lecane inermis and 
Philodina acuticornis indicate that both 
can live as bacterium-feeders. 

Lecane inermis grows well in 0.05- 
percent Horlick’s malted milk (in dis- 
tilled water~-and Seitz-filtered pond 
water, 1:1) in dixenic association with 
E. coli and an unidentified species of 
gram-negative, rod-shaped bacteria, or 
with the latter plus a second unidenti- 
fied species of similar morphology. 
With either of these unidentified spe- 
cies it also grows well monoxenically. 
It survives for a while, but does not 
reproduce in the company of E. coli 
alone. [After our recent report (5) of 
successfully growing L. inermis monox- 
enically with E. coli, we found that the 
second organism had been overlooked 
earlier because of its initially very 
slow growth in test media.] 

Unlike L. inermis, P. acuticornis 
grows well in the presence of E. coli 
as the sole other living species. The 
best medium known at present is an 
empirically developed autoclaved ex- 
tract of Longlife infusoria tablets. 

Our efforts to culture rotifers axeni- 
cally have so far met with very limited 
success, despite intensive effort. 

The best axenic growth so far ob- 
served for B. variabilis has been in 
Seitz-filtered pond water to which were 
added low levels of whole human blood 
(about 1 percent), chick embryo ex- 
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tract (about 1 percent), yeast extract 
(about 0.001 percent), and cyanoco- 
balamine (about 0.005 pg/ml (5); 
in this medium an immature female 
matured and produced an egg which 
did not hatch. 

Lecane inermis has been tested in 
modifications of the liver medium used 
for the cultivation of axenic stocks of 
the nematode Caenorhabditis briggsae 
(11). In liver medium diluted to “4 
strength with autoclaved 0.1-percent 
malted-milk solution, lecanes have sur- 
vived for at least a week and in a few 
cases have laid an egg, which has 
hatched. Various supplementations 
with vitamin mixes or glucose or both 
have not improved growth or survival. 
Our experience with Philodina acuticor- 
nis has been similar. 

The rotifers we have so far worked 
with, whether algivorous brachioni or 
bacteriophagous lecanes and bdelloids, 
are clearly less tolerant of high levels 
of organic substances, and also of anti- 
biotics (except possibly P. acuticor- 
nis), than are the rhabditid nematodes 
studied for several years in this labora- 
tory (J1). Nevertheless, it seems likely 
that, since L. inermis and P. acuticornis 
utilize gram-negative bacteria as food, 
they, at least, have nutritional patterns 
somewhat like such bacteriophagous 
nematodes as Caenorhabditis briggsae. 
When one or more rotifer species are 
tamed to axenic culture, it will be a 
logical next step to develop chemically 
defined [holidic (2)] media for their 
permanent maintenance. Like their 
aschelminth cousins, the. nematodes, 
they promise to be useful tools in the 
study of comparative nutrition of the 
lower Metazoa and, most importantly 
perhaps, for fundamental studies in 
"ta physiology and biochemistry 
a2). 

ELLSworTH C. DoUGHERTY 
Bs¢RN SOLBERG 
Larry G. Harris 
Laboratory of Comparative Biology, 
Kaiser Foundation Research Institute, 
Richmond, California 
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Regulation of Reproductive 
Rate by Intra-uterine 
Mortality in the Deer Mouse 


Abstract. Under crowded conditions 
(four mating pairs per cage), pregnant 
female deer mice of a partially domesti- 
cated strain, Peromyscus maniculatus 
bairdii, showed increased resorption of 
implanted embryos, and therefore a 60 
percent reduction in effective natality, as 
compared with control females living at a 
population density of one pair per cage. 
No significant difference was found in the 
incidence of pregnancy or in the number 
of embryos implanted, but the adrenal 
glands of crowded females were enlarged 
by an average of 17 percent (by weight). 


Population biology has become in- 
creasingly concerned with the study of 
fluctuations in the number of offspring 
produced by populations of animals. 
The problem of population cycles and 
crashes is related to the number of 
viable young produced by females in a 
population. Recent investigations (/—3) 
indicate that lower reproductive per- 
formance may be the result of stress 
induced by high population densities. 
The hypothesis that high densities create 
a stressed condition in members of such 
a population has been demonstrated by 
Chitty (4), Christian (5-7), Clarke 
(8), Louch (2), and others, while the 
effects of stress on endocrine responses 
have been extensively documented by 
Selye (9), comprising his “general 
adaptation syndrome.” 

Intra-uterine mortality (embryonic 
resorption) has been noted in many 
wild populations of mammals (/, 10, 
11). It has been proposed that in- 
creased intra-uterine mortality may be 
the result of stress induced by high 
population densities and that it is a 
possible mechanism for the regulation 
of population size under natural condi- 
tions (J/). Christian (7) demonstrated 


that crowding of albino mice resulted 
in adrenal hypertrophy, an increase of 
intra-uterine mortality, and disturbance 
of lactation. 

In the light of such research the 
effects of crowding on reproductive 
performance were investigated in the 
JAX strain of the deer mouse, Pero- 
myscus maniculatus bairdii (12). A 
pilot study was conducted to ascertain 
the feasibility of employing a widely 
used tranquilizer, reserpine, to vary 
stress levels in crowded mouse popula- 
tions. Reserpine has a demonstrated 
ability to reduce aggressive behavior 
(3) and the incidence of fighting in 
crowded groups of mice (5). It was 
found, however, that effective dosages 
of reserpine caused significant increases 
in intra-uterine mortality and disrup- 
tions of the oestrus cycle, thus dupli- 
cating the postulated effects of stress on 
reproduction. As a result, reserpine 
studies on crowded populations were 
discontinued. 

A standard procedure was used in 
all crowding experiments. Four male 
and four female P. maniculatus bairdii 
were placed in a 12- by 4- by 3-in. 
cage for 3 weeks. An excess of food 
and water was present at all times. A 
temperature of 74°F was maintained 
in the animal room and the room was 
constantly illuminated. Daily vaginal 
smears were taken of the females to 
ascertain the state of the oestrus cycle 
and the time of impregnation. Five 
such mating colonies were maintained. 
Additional mating pairs of the same 
stock were kept isolated in individual 
cages under the same conditions, as 
controls. 

At the end of the 3-week period all 
female experimental and control ani- 
mals were sacrificed. The animals were 
dissected, and the reproductive tracts 
were examined for resorbing and nor- 
mally developing embryos and implanta- 
tion scars. The mean paired weights of 
the adrenals of all experimental and 
control animals were calculated. 

The paired adrenal weights of the 
crowded females averaged 5.12 + 0.64 
gm, while those of the isolated controls 
averaged 4.35 + 0.14 gm. The increase 
of 17 percent in the crowded animals 


Table 1. Reproductive performance of crowded 
and of isolated Peromyscus. Numbers given are 
means in each category. 








Implantation Developing Intra-uterine 
sites embryos mortalities 
(N) (N) (N) 
Crowded animals (20) 
6.4 2.1 = 0.96 4.3 


Control animals (10) 
5.2 = 0. 


8.3 2.4 
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is significant at the 5 percent level. This 
agrees with findings of adrenal hyper- 


activity (5-7, 13) in crowded Mus 
populations and supports the conclusion 
that a stressed condition was induced 
in the crowded colonies. 

The reproductive behavior of the 
crowded and isolated animals is sum- 
marized in Table 1. The results indicate 
that the crowded populations of deer 
mice show a decreased reproductive 
potential. Implantation scars showed 
that all but one of the crowded females 
became pregnant, while the number of 
scars, though somewhat smaller in the 
average member of this group, was not 
significantly reduced as it might have 
been under more extreme crowding. 

Intra-uterine mortality was found in 
both the experimental and control ani- 
mals, as indicated by the greater number 
of implantation scars than of developing 
embryos. There was, however, a much 
higher percentage of intra-uterine mor- 
tality in the crowded mice. The number 
of viable fetuses in the crowded group 
represents an effective reproduction rate 
only 40 percent of the rate for the 
uncrowded mice, and the difference 
(F ratio = 4.30) is significant at the 
2 percent level of confidence. 

It is therefore concluded that pre- 
natal mortality is probably one of the 
means of lowering reproductive per- 
formance in dense populations of breed- 
ing mice. The inference that hormones 
of the adrenal cortex induce fetal re- 
sorption, though reasonable, requires 
further experimental proof, whereas 
ecologists will be interested in field 
confirmation of the suggestion that 
moderate crowding can act as a stress- 
or in Selye’s sense (/4). 

R. L. HELMREICH* 
Department of Zoology, Yale 
University, New Haven, Connecticut 
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Studies on the Regulation of 
Fatty Acid and Cholesterol 
Synthesis in Avian Liver 


Abstract. Homogenates of pigeon liver 
have been incubated with acetate-C™ in 
excess. Simultaneously, substrate for gly- 
colysis was provided as glucose-6-phos- 
phate. The incorporation of carbon-14 
into cholesterol was maximal at low levels 
of glycolysis, whereas fatty acid turnover 
was maximum at higher glycolytic levels. 
A regulatory mechanism is proposed to 
explain the differential synthesis of choles- 
terol and fatty acids. 


An interesting problem in the control 
of metabolic pathways is presented by 
the differential synthesis of fat and 
cholesterol under various pathologic 
conditions. For example, diabetic liver 
can synthesize cholesterol, but cannot 
synthesize fat normally. Supplementa- 
tion with large amounts of glucose or 
fructose in vivo improves the rate of 
incorporation of acetate into fat by 
diabetic liver (/). 

The carbon substrate for the syn- 
thesis of both fat and cholesterol is 
acetyl coenzyme A (acetyl CoA), and 
synthesis of both requires a hydrogen 
source. In each case the hydrogen 
source probably derives from the gly- 
colytic pathway (2, 3). 

A simple, but perhaps not altogether 
trivial, hypothesis for the selective con- 
trol of the pathway of incorporation of 
acetate into lipide is derived from an 
analysis of the over-all balance of the 
carbon and hydrogen requirements for 
the utilization of equivalent amounts of 
acetyl CoA for cholesterol or fat syn- 
thesis. 


18 Acetyl CoA + 8H + HOH ——~> 
cholesterol + 9 CO, + 18 CoA-S# 


18 Acetyl CoA + 64H > 
2 stearic acid + 18 CoA-S*® + 14 HOH 





This balance shows that the net 
molar hydrogen requirement for fat 
synthesis is about eightfold greater than 
the hydrogen requirement for choles- 
terol synthesis. It may be assumed that 
the diabetic animal in ketosis has a 
plethora of acetyl CoA, so that the 
controlling substrate factor might be 
the other requisite, the hydrogen source. 
Restoring glycolysis by the administra- 


tion of glucose in vivo enhances the 
incorporation of acetate into fat in ex- 
perimental animals (7) and relieves 
ketosis in the human diabetic (4). We 
therefore propose that the selections of 
pathways for utilization of acetate de- 
pend upon the total available reduced 
coenzmye, which is a function of the 
rate of glycolysis. To test this-hypothe- 
sis, homogenates of pigeon liver were 
prepared and incubated with acetate-1- 
C™“ in excess. Substrate for glycolysis 
was provided as glucose 6-phosphate. 
Ten-percent homogenates of pigeon 
liver in 0.1M potassium phosphate 
(pH 6.5) were dialyzed against ten 
volumes of this buffer at 4°C for 1 
hour to unmask a dependence of ace- 
tate incorporation on added glycolytic 
substrate. Longer dialysis resulted in an 
inactivation of acetate incorporation 
which could not be restored by the ad- 
dition of nucleotides or coenzyme A. 
Preincubation with beta-amylase to de- 
stroy glycogen is not required. The dia- 
lyzed homogenate was supplemented 
with diphosphopyridine — . nucleotide 
(DPN), triphosphopyridine nucleotide 
(TPN) (5), Mg**, Mn** (6), coenzyme 
A, and acetate-1-C™“ in excess. Two 
milliliters of this suspension were added 
to tubes containing glucose-6-phosphate 
and KHCO: (7), and the resulting 
solution -was-made to a final volume of 
3.0 ml with 0.15M KCL and incubated 
with vigorous shaking for 1 hour at 
37°C. Two milliliters of saturated KOH 
were added, and the mixture was sapon- 
ified at 100°C for 2 hours. Mixtures of 
fatty acid and cholesterol were isolated 
according to the method of Hotta et 
al. (8) and counted for radioactivity. 


FATTY ACIDS 
CHOLESTEROL 


> 
> 
> 





CHOLESTEROL 
10 4 
4 
° + + + 
° 10°* 1073 10"? 
GLUCOSE -6-POs CONG. (MOLAR) 





SPECIFIC ACTIVITY (COUNTS/ MIN.-Mg¢.) 





Fig. 1 Incorporation of acetate-1-C™ into 
fatty acids and cholesterol. Each tube con- 
tained 1.5 x 10M DPN, 1.5 x 10°M 
TPN, 3.7 x 10°M MgSQ,, 2.3 x 10°M 
MnCl, 3.3 xX 10°M KHCOs, 0.45 ug 
CoA, and 1.5 x 10°M NaOAc-C* (15 ue). 
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Fig. 2 Diagram of proposed regulatory 


mechanism to explain the differential syn- 
thesis of cholesterol and fatty acids. 











FATTY ACIDS 


Cholesterol was separated from the 
mixture as the digitonide (9) and 
counted. The resulting specific activities 
were corrected by zero time controls. 

A typical experiment is shown in 
Fig. 1. Both cholesterol and fat incor- 
poration were minimal in the dialyzed 
homogenate. Although incorporation 
into cholesterol is less than one-tenth of 
that into fatty acid, addition of small 
amounts of glycolytic substrate (glucose- 
6-phosphate) resulted in considerable 
enhancement of incorporation of C“ 
into cholesterol. As the concentration 
of glucose-6-phosphate was increased, 
C“ incorporation into total lipide in- 
creased, with concomitant diminution 
of incorporation into cholesterol. The 
availability of glycolytic substrate 
seemed to direct the anabolism of ace- 
tate to cholesterol or fat when the sys- 
tem was not limiting in acetate concen- 
tration. 

The fact that the incorporation into 
cholesterol was optimal at low glucose- 
6-phosphate concentrations suggests a 
regulatory mechanism involving a lim- 
ited supply of some component other 
than reducing equivalents. This is rep- 
resented diagrammatically in Fig. 2. 
The data suggest that fat synthesis has 
a greater requirement for hydrogen 
equivalents than cholesterol synthesis. 
This is in agreement with the results of 
Siperstein and Fagan (J0). 

When acetyl CoA is generated at a 
constant rate it is mainly diverted to- 
ward fatty acid if an adequate hy- 
drogen source (rapid glycolysis) is pres- 
ent, and only a relatively small amount 
finds its way into cholesterol. When, 
however, glycolysis is limiting, choles- 
terol synthesis is less affected than fatty 
acid synthesis, since it proceeds at a 
much slower rate and has a lower tem- 
poral as well as molal requirement for 
hydrogen. At certain levels of glycolysis 
(less than 10*M_ glucose-6-phosphate 
in Fig. 1) only fatty acid synthesis is 
diminished, and the decreased utiliza- 
tion of acetyl CoA by this system ef- 
fectively diverts more acetate toward 
cholesterol, leading to the increased in- 
corporation observed. Higher reducting 
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potentials promote fatty acid synthesis 
which competitively withdraws acetyl 
CoA and thus decreased incorporation 
into cholesterol. Therefore, the net in- 
corporation of acetate into total lipide 
is determined by the availability of 
both intermediate acetyl CoA and re- 
duced coenzyme, whereas the partition 
of incorporation between fat and cho- 
lesterol is determined primarily by the 
availability of reducing potential. 

The nature of the hydrogen source 
for fat synthesis has been elaborated by 
Green et al. (11), Langdon (12), and 
Siperstein and Fagan (5, 10), and ap- 
pears to be a combination of the re- 
duced forms of DPN and TPN. In our 
experiments glucose-6-phosphate fur- 
nished a source for reduction of both 
cofactors. The requirement of glycoly- 
sis for cholesterol synthesis has been 
demonstrated by Bucher and McGarra- 
han (2), but the exact cofactor re- 
quirement is still obscure. It appears 
from our experiments that the rate of 
glycolysis is a selective determinant for 
these two pathways, and it is suggested 
that the type of mechanism proposed 
above may warrant consideration as a 
general mode of differential biological 
regulation. 

This interpretation suggests a close 
tie between nutrition and_ selective 
lipide synthesis. It is particularly inter- 
esting from the standpoint of the possi- 
bility that a localized enzymatic lesion 
in the arterial wall which results in di- 
minished glycolysis might cause en- 
hanced cholesterol synthesis and result 
in arterial cholesterosis (13). 

ENNIS C, LAYNE 
GUILFORD G. RUDOLPH 
SAMUEL P. BESSMAN 
Departments of Pediatrics and 
Biochemistry, University of Maryland 
School of Medicine, Baltimore 
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Biological Activity of 
3-Methoxy-Catecholamines 


Abstract. The methoxy analogs of 
epinephrine, norepinephrine, and dopamine 
manifest some activity on smooth muscle 
and blood pressure. Metanephrine is as 
potent as epinephrine on rabbit aortic 
strips. The same compounds demonstrate 
a lesser potency on rabbit duodenum 
preparation, while 3-methoxy-dopamine 
produces a slight contraction of the 
duodenum. Both metanephrine and 3- 
methoxy-dopamine have 15 to 25 percent 
of the pressor activity of the original non- 
methylated catecholamines. Normetan- 
ephrine is 1/600 as active as norepine- 
phrine on the blood pressure of the cat. 


The discovery of O-methyltransferase 
(1) has been followed by a reassess- 
ment of the role of amine oxidase in the 
biological inactivation of catechol- 
amines. Recently, many authors have 
indicated (2) that substances which in- 
hibit O-methyltransferase are also po- 
tentiators of catecholamines. However, 
there have been only a few preliminary 
experiments (3) to indicate that 3- 
methoxy-catecholamines are biologically 
inactive substances. 

In the present experiment (4) the 
3-methoxy derivatives of epinephrine, 
norepinephrine, and dopamine were 
tested in vitro on rabbit aorta spirals, 
according to the method of Furchgott 
and Bhadrakom (5), and on rabbit 
duodenum (6). The results are shown 
in Table 1, and the activities of the 
methoxy derivatives are compared with 
those of epinephrine. The same com- 
pounds were also tested for their effect 
on the blood pressure of the anesthetized, 
atropinized cat. These results also are 
summarized in Table 1. 

All cf the 3-methoxy derivatives are 
capable of contracting the aorta spirals 
at various degrees. These compounds 
were far less active on rabbit duodenum, 
where metanephrine and normetan- 
ephrine are, respectively, 1/40 and 
1/200 as potent as epinephrine. On the 
contrary, 3-methoxy-dopamine behaves 
in this preparation as a mild cholinergic 
substance. 

Both metanephrine and 3-methoxy- 
dopamine show an important activity 
on the blood pressure response. In 
comparing doses necessary for an equal 
response, these substances were found 
to be one-fourth to one-fifth as active as 
the nonmethylated compound. The case 
is different with normetanephrine, since 
this compound is only 1/600 as active 
as norepinephrine. 

The experiments reported indicate 
that the methoxy derivatives of cate- 
cholamines are not entirely devoid of 
biological activity. It would seem logi- 
cal to believe that O-methyltransferase 
is not the only enzyme involved in the 
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Table 1. Comparative activity of 3-methoxy- 
catecholamines. 





Rabbit smooth muscle 











preparation Blood pressure 
response in cat 
Aortic Duode- 
strip num Response of 
nonmethylated 
Ss 1 
<a ee 
(x 1077) y cy 
Epinephrine 
0.1 i: As 
Metanephrine 
3. 1.18 0.025 25: 
Normetanephrine 
23 0.17 .005 _ 0.16 
3-Methoxydopamine 
19. .04 Contraction iS. 


* Ratio between concentrations of epinephrine and 
methoxy-catecholamines required for production of 50 
percent maximum contraction. + Ratio between concen- 
trations of epinephrine and methoxy-catecholamines 
required to produce the same degree of inhibition. 
t This percentage was obtained by comparing the doses 
required to obtain an equal rise of blood pressure with 
the methylated and nonmethylated catecholamines. 





biological inactivation of catecholamines 
or that this enzyme is not equally effec- 
tive for the inactivation of all cate- 
cholamines. 
JACQUES CHAMPAGNE 
ANTOINE D’IorIO 
Department of Physiology, University 
of Montreal, Montreal, Quebec 
AURELE BEAULNES 
Department of Pharmacology, 
University of Montreal 
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Influence of Uterine Site on 
Occurrence of Spontaneous 
Cleft Lip in Mice 


Abstract. It has been found that within 
the A/Jax strain, embryos in the uterine 
site nearest the ovary develop cleft lip 
(with or without cleft palate) significantly 
more_ often than embryos in other posi- 
tions in the uterus. 


When anomalies occur in an inbred 
strain of mice, why do they occur only 
in certain members of the litter and not 
in others? Litter mates in an inbred 
strain have very similar, if not identical, 
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genetic constitutions and, furthermore, 
they are all subject to the same external 
and maternal environment. The differ- 
ences that determine that one embryo 
is abnormal and that others are not 
must reside within the uterus, and since 
the differences are not obvious, they 
must be small, although probably not 
simple. This report is concerned with 
one such difference—namely, that of 
a difference in the sites occupied by 
embryos within the uterus and the in- 
fluence of this difference on the occur- 
rence of cleft lip in the highly inbred 
A/Jax strain of mice. Cleft lip with 
or without cleft palate has been re- 
ported as occurring with a frequency 
of 6.33 percent in A sublines related 
to the A/Jax strain (/). 

The uterus was removed from each 
of 76 A/Jax females 14 or 15 days 
after insemination and, after fixation, 
the positions of embryos with sponta- 
neous cleft lip were noted. A total of 
485 embryos from uterine horns con- 
taining two or more embryos had an 
over-all frequency of cleft lip of 8.5 
percent. There were no differences in 
frequency between right and left horns. 
The frequency of cleft lip at the ovarian 
site (17/126 = 13.5:percent) is sig- 
nificantly higher (p < .02) than the 
total at all other positions (24/359 = 
6.7 percent). This tendency for cleft 
lip to occur more often in the embryo 
occupying the site nearest the ovary 
appears even more clearly when only 
those horns (35 horns in 29 litters) 
that contain at least one affected em- 
bryo are considered. Again the pro- 
portion of embryos with cleft lip is 
significantly higher (p < .01) for em- 
bryos nearest the ovary (17/35) than 
for embryos at other positions (24/116) 
in the uterine horn. In Table 1 the 
data are arranged according to the 
number of embryos in a horn. It can 
be seen that there is a tendency for 
embryos with cleft lip to occur more 
frequently at the site nearest the ovary 
regardless of the number of embryos 
within a horn, but that this tendency 
appears to be greatest when there are 
either few or many embryos in the 
horn. 

Further support for the foregoing 
observations was obtained from another 
group of A/Jax mice primarily in- 
tended for another purpose. In this 
group 48 litters were collected, just 
before term, from mothers that had 
received cortisone 11, 12, and 13 days 
after insemination. In this group of 
cortisone-treated fetuses (see Table 1) 
the tendency for cleft lip to occur more 
often at the ovarian site is again seen, 
but the difference in over-all frequencies 
(8/76 versus 8/161) is not signifi- 
cant. However, when only horns con- 
taining at least one affected embryo are 


Table 1. Number and percentage (in parentheses) 
of cleft-lip (CL) embryos at the site nearest the 
ovary and at other uterine sites; the data are 
grouped according to the number of embryos 
per horn (horns containing one embryo are not 
included). 











Embryos CL embryos (No. of total) 
in horn 
(No.) Ovarian site Other sites 
Untreated group 
2 4/26 (15.4) 1/25 (4) 
3 5/32 (15.6) 2/64 (3.1) 
4 2/31 (6.5) 5/96 = (5.2) 
5 3/22 (13.6) 6/89 = (6.7) 
6 1/8 3/40) 
7 2/4> (20.0) 4/24> (11.8) 
8 0/3 3/21 
Totals 17/126 (13.5) 24/359 (6.7) 
Cortisone-treated group 
2 4/31 (13.0) 1/31 (3.2) 
3 1/18 (5.6) 2/36 (5.6) 
4 2/16 (9.4) 4/48 = (8.3) 
5 0/9 1/36 
6 xa (9.1) mit (2.2) 
Totals 8/76 (10.6) 8/161 (5.0) 





considered, there are significantly more 
embryos with cleft lip (8/15) at the 
ovarian site than at the other sites 
(8/35); p, determined by Fisher’s exact 
method, equals .03. 

The data show clearly that cleft lip 
is more likely to occur in an A/Jax 
embryo that occupies the uterine site 
next to the ovary than in an embryo 
at any other site. At present it is not 
known what there is about this part of 
the uterus that makes it less favorable 
to normal development than the other 
parts. Perhaps there is a reduced blood 
supply which tips the balance, in a 
developmentally unstable embryo, in 
favor of abnormal rather than normal 
development. Since the ovarian site 
appears to be less favorable whether 
there are many or few embryos in the 
horn, the difference is more likely to 
be an inherent quality of that area of 
the uterus than an effect of other 
embryos in the horn competing for 
nutrients. The idea that this part of 
the mouse uterus is less favorable to 
the normal development of the embryo 
is supported by the work of Hashima 
(2), who found that embryos near 
term occupying the site nearest the 
ovary weighed significantly less than 
those at other uterine sites. It has also 
been noted by McLaren (3) that there 
is a tendency for “runts” in the TO 
random-bred strain of mice to occur 
significantly more often at the ovarian 
site than at other sites in the uterus. 
Gross examination of the blood supply, 
in vivo india-ink injections, and at- 
tempts to reduce the blood supply to 
individual embryos or to the entire 
uterine horn have not yet led to any 
significant findings (4). 

DAPHNE G. TRASLER 
Department of Genetics, 
McGill University, Montreal, Canada 
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“Second Emerson Effect” in the 
Hill Reaction of Chlorella 
Cells with Quinone as Oxidant 


Abstract. The second Emerson effect can 
be observed not only in photosynthesis 
but also in the photoreduction of quinone 
by Chlorella cells. This shows that this 
effect is not due to respiration and is not 
associated with the carbon dioxide—reduc- 
ing phase of photosynthesis. Peaks at 
650 and 670 my in the action spectra of 
this effect, in the case of quinone reduc- 
tions as well as in that of photosynthesis 
in Chlorella, show that light absorbed by 
chlorophyll b as well as that absorbed by 
chlorophyll a 670 can effectively supple- 
ment far-red light (> 680 maz) in both 
reactions; light absorbed by chlorophyll 
a 680 cannot do so. 


The enhancement of the quantum 
yield of photosynthesis of Chlorella 
pyrenoidosa Chick strain 3 in the far- 
red region (> 680 my) by light of 
shorter wavelengths was first reported 
by Emerson and his co-workers (/) and 
was confirmed by Myers and French 
(2). However, there existed no direct 
evidence that this “second Emerson ef- 
fect” (so called to distinguish it from 
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Fig. 1. “Red drop” in the action spectrum 
of the Hill reaction (photoreduction of 
quinone) in Chlorella cells. Quantum yield 
is plotted against wavelength of mono- 
chromatic light. 
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the carbon dioxide burst at the be- 
ginning of a light period, often desig- 
nated as the Emerson effect) was not 
due, at least in part, to light inhibition 
of respiration rather than to the en- 
hancement of photosynthesis, because 
the techniques employed (manometry 
and polarography) could not distin- 
guish positive changes in the rate of 
photosynthesis from negative changes 
in the rate of respiration. There was 
also no evidence as to the localization 
of the effect, either in the oxygen evo- 
lution phase or in the carbon dioxide 
reduction phase of photosynthesis. It 
was thought that study of the Hill reac- 
tion in quinone-poisoned Chlorella cells 
should provide answers to these two 
questions. 

Para-benzoquinone (0.2 ml of a so- 
lution of 12.5 mg of recrystallized 
quinone in 5 ml of 0.01N sulfuric acid) 
was added to a thin suspension of 
Chlorella cells. Respiration, as well as 
capacity for carbon dioxide fixation 
and reduction, was completely inhib- 
ited by the addition of this solution. 
Nitrogen (99.9 percent Nz) was con- 
ducted through the manometer vessel 
filled with the suspension, for 15 min- 
utes. Manometric measurements of 
oxygen liberation were then carried out 
at 10°C. Under these conditions the 
Hill activity lasted 4 to 5 hours. 

Figure 1 shows the “red drop” of the 
quantum yield of oxygen liberation 
from quinone solution. The curve strik- 
ingly resembles that found for photo- 
synthesis by Emerson et al. (3). 

Figure 2 represents the action spec- 
trum of the second Emerson effect in 
the quinone-Chlorella system. The re- 
sults were obtained as follows: far-red 
light was applied to the suspension by 
placing Schott glass filters (RG8 and 
RGS, which give a sharp cutoff at 
680 mz) in the beam from an incandes- 
cent lamp. The rate of the Hill reac- 
tion in this light alone was taken as 
100; the rate attributable to this light in 
the presence of additional shorter-wave 
light (between 640 and 690 my), ob- 
tained from the Emerson-Lewis grating 
monochromator (slit width, 5 mu) was 
expressed as a percentage of that in the 
far-red light alone. In Fig. 2 the results 
are plotted against the wavelength of 
the supplementary light. 

Govindjee and Rabinowitch (4) have 
demonstrated the existence of (at least) 
two forms of chlorophyll a in Chlorella, 
with different photochemical functions, 
with absorption peaks around 670 and 
680 my, respectively. Light absorbed 
by the first form, like light absorbed by 
the accessory pigments, can bring about 
the second Emerson effect; this is re- 
vealed by the action spectrum of the 
second Emerson effect in the photo- 
synthesis of Chlorella, which shows two 
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Fig. 2. Action spectrum of the second 
Emerson effect in the Hill reaction of 
Chlorella. Yield without supplementary 
light is designated as 100. 


peaks in the red region—at 650 mp 
(chlorophyll 5) and at 670 my. 

In the action spectrum of the second 
Emerson effect in quinone reduction we 
find the same two peaks (at 650 and 
670 mu, respectively) as in photosyn- 
thesis. This means that in the photo- 
reduction of quinone by Chlorella cells, 
as well as in photosynthesis, the two 
types of chlorophyll a (chlorophyll a 
670 and chlorophyll a 680) play dif- 
ferent photochemical roles and that 
light energy absorbed by chlorophyll 5 
probably is transferred to chlorophyll a 
670. 

The complete analogy between 
photosynthesis and the Hill reaction 
suggests that the second Emerson effect 
is not due to the inhibition of respira- 
tion and is not associated with the car- 
bon dioxide-reducing mechanism of 
photosynthesis but with the oxygen- 
liberating mechanism common to photo- 
synthesis and the Hill reaction (5). 

RAJNI GOVINDJEE 
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Inhibition of Photosynthesis in 
Some Algae by Extreme-Red Light 


Abstract. Photosynthesis produced by 
far-red light (about 700 my) is reversibly 
inhibited in some algae by extreme-red 
light (~ 750 mz). 


In earlier communications from this 
laboratory (1) it was reported that illu- 
mination of a suspension of the red 
alga Porphyridium cruentum with far- 
red light, obtained by filtering light 
from an incandescent lamp through a 
very dense aqueous solution of the 
phycobilins, produces little or no 
photosynthesis. Yet this light contains 
wavelengths above 660 my, a marked 
fraction of which are absorbed by 
chlorophyll a. (The absorption band of 
this pigment extends in vivo to about 
720 my.) If bands 10 my wide ob- 
tained with a monochromator are used 
for illumination, measurable rates of 
photosynthesis are obtained at all wave- 
lengths up to 700 my. Furthermore, 
an “Emerson effect” can be observed 
in phycobilin-filtered light: if orange 
light is added to it, the resulting rate 
of photosynthesis is higher than in the 
orange light alone. This confirms the 
observation that chlorophyll a is mark- 
edly excited by the phycobilin-filtered 
light. 

These seemingly conflicting results 
can be explained by the assumption 
that the band obtained by the use of 
the phycobilin filter contains extreme- 
red (or near-infrared) light (> 700 
my), Which inhibits photosynthesis 
caused by far-red light. 

In. order to check this hypothesis, 
algal suspensions were illuminated with 
a far-red band isolated from _ the 
light of an incandescent lamp by a 
Farrand interference filter No. 1322, 
which has a transmission peak at 700 
my. but transmits some light down to 
680 my. We made sure that the in- 
tensity of this light was far below that 
which causes saturation of photosyn- 
thesis. After photosynthesis in this far- 
red light had been measured, extreme- 
red light, with a band width of about 
10 my centering at 750 mp, was added 


Table 1. Inhibitory effect of extreme-red light 
(750 = 10 my) on photosynthesis of Porphyridium 
cruentum in far-red light (~700 my). 





Rate of photosynthesis 











Rate in 
A (ul of O2 per hour) combined 
ment In far-red ee (in % 
No. In far-red __ light plus * at 
light extreme- ar-re 
red band ight alone) 
1 4.01 2.23 56 
2 1.87 0.29 15 
3 1.83 0.29 16 
4 3.30 2.04 62 
5 1.08 0.84 78 
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and photosynthesis was measured again. 
The results of these experiments are 
shown in Table 1. 

The scattering of the results in col- 
umn 4 of Table 1 may be due to small 
unintentional variations in the culturing 
of the cells. Despite this scattering, it 
is evident that the rate of photosyn- 
thesis in far-red light is consistently and 
significantly reduced by the addition of 
light of 750 my wavelength, This effect 
is completely reversible. 

Porphyridium cruentum must thus 
contain a pigment which absorbs in 
the extreme-red at about 750 mp and 
which, when excited, inhibits the photo- 
synthesis caused by far-red light. This 
pigment must be present in small 
amounts, since no band is recognizable 
in the absorption spectrum of Porphy- 
ridium in the region of 750 mu. 

Preliminary results indicate that a 
similar effect occurs in the green alga 
Chlorella but apparently not in the 
blue-green alga Anacystis. It remains 
to be seen whether it occurs also in 
higher plants (2). 

EUGENE RABINOWITCH 
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An Interphylum 
Luciferin-Luciferase Reaction 


Abstract. The light-emitting enzyme- 
substance systems, heretofore separated 
from different types of luminescent organ- 
isms, exhibit a marked biological specificity 
and comprise chemically different com- 
ponents. Extracts from a luminescent fish 
are now found to cross react with a crus- 
tacean system; some properties of the new 
system and implications of the phenome- 
non are discussed. 


Separate extracts, containing a rela- 
tively heat-stable (luciferin) and a heat- 
labile (luciferase) component, which 
react with the emission of visible light 
in vitro (the luciferin-luciferase reac- 
tion), have been obtained from not 
quite a dozen types of the multitude of 
luminescent organisms known. They 
have been obtained thus far from cer- 
tain bivalves [Pholas (1), Rocellaria 
(2)], elaterid [Pyrophorus (3)] and 
lampyrid [Photinus, Photuris, Luciola 
(4, 5)] fireflies, ostracod crustacea 





[Cypridina (6), Pyrocypris (7)], a 
marine polychaete worm [Odontosyllis 
(7)], decapod shrimps [Systallaspis (8) 
Heterocarpus (9)], a fresh water limpet 
[Latia (10)], luminous bacteria [Achro- 
mobacter, Photobacterium (11)], a pro- 
tozoan [Gonyaulax (12)], fish [Par- 
apriacanthus (13), Apogon (14)], lu- 
minous fungi ([Collybia, Armillaria 
(15)], and a pennatulid [Renilla (16)]. 
Numerous tests, over the past several 
decades, for light emission in cross re- 
actions between components of differ- 
ent luminous organisms have indicated 
that the luciferins and luciferases are 
specific for a given type, definite cross 
reactions being rarely found (17), and 
then only with extracts of organisms 
rather closely related, such as two gen- 
era of ostracods (7) or two families of 
fireflies (4, 18). Moreover, among the 
three biochemically best known sys- 
tems, namely, those of Cypridina, the 
firefly, and luminous bacteria, the dif- 
fusible factors are all chemically differ- 
ent and noninterchangeable, except for 
oxygen, which is required by each (J7). 

These facts have led to the view that, 
in general, the luciferin and luciferase 
of one type of luminescent organism 
are quite different from those of an- 
other type (17, 19), a view that accords 
not only with profound differences in 
emission spectra (17, 20) but also with 
the utterly random occurrence of bio- 
luminescence on the phylogenetic scale 
of animals from protozoa to fishes as 
well as among bacteria and higher fungi. 
Experiments reported in this paper 
(21), however, favor a modification of 
this view, according to the following 
evidence. 

Qualitative observations in regard to 
the recently discovered example of a 
luciferin-luciferase reaction in crude ex- 
tracts of the photogenic organs of a 
fish, Parapriacanthus (13), indicated a 
reciprocal cross reaction with the lucif- 
erin and luciferase in crude extracts 
from a second luminescent fish, Apo- 
gon (14), representing a different fami- 
ly. The Apogon system was then found 
to exhibit an astonishing cross reaction 
with that of the crustacean, Cypridina. 
No visible evidence, however, was 
found of a cross reaction between the 
Parapriacanthus and Cypridina systems, 
nor between Apogon and the Japanese 
firefly Luciola, or the clam Pholas. 
Since purely visual observations with 
crude extracts have occasionally proved 
misleading, quantitative studies and ex- 
periments with some highly purified ex- 
tracts of Apogon and Cypridina have 
been carried out, with convincing re- 
sults. 

Quantitative data of cross reactions 
in the Apogon and Cypridina systems 
are illustrated in Fig. 1. Apogon has 
one anterior and two posterior photo- 
genic organs whose luciferin and lucif- 
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erase react with each other as weil as 
with those of Cypridina, though not 
with components extracted from non- 
photogenic tissues of the fish. With a 
given enzyme concentration, the total 
light emitted is proportional to the 
amount of luciferin added. With a 
given concentration of luciferin, the 
rate of decay of luminescence is pro- 
portional to the enzyme concentration, 
except when the luciferin is in great 
excess, as it appears to be in the Apo- 
gon organ. Thus, when either a freshly 
excised or desiccated organ (the latter 
weighing about 1 mg) is ground and 
suspended in 1 or 2 ml of water, lumi- 
nescence may persist for hours. If great- 
ly diluted Cypridina luciferase is added 
early to this reaction mixture, a bright 
luminescence of short duration occurs. 
Evidently, Apogon luciferase is either 
less active than that of Cypridina toward 
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Fig. 1 Luminescence in cross reactions be- 
tween the luciferin and luciferase of Apo- 
gon and Cypridina in phosphate-buffered 
solutions at neutral pH and room tem- 
perature. The data are plotted in the man- 
ner of a reaction first order with respect 
to the amount of luciferin, which is taken 
proportional to the total light, a, measured 
in arbitrary units by a photomultiplier 
integrating device, x, representing the frac- 
tion of the total light emitted up to a given 
time as indicated on the abscissa. Reaction 
mixtures were as follows: (A), Cypridina 
luciferase + anterior Apogon luciferin; 
(B), Cypridina luciferase, concentration 
1, + posterior Apogon luciferin, concentra- 
tion 1; (C), Cypridina luciferase, concen- 
tration 1, + posterior Apogon luciferin, 
concentration %4; (D), Cypridina lucifer- 
se, concentration 2, Apogon luciferin, 
concentration 4%; (E£), anterior Apogon 
luciferase +- Cypridina luciferin; (F), an- 
terior Apogon luciferase + anterior Apo- 
gon luciferin. Differences in total light 
and slopes of only curves (B), (C), and 
(D) are significant. 
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the luciferin of either organism, or else 
it is present in only minute amounts. 
Efforts to concentrate it have been only 
partially successful, because of the pres- 
ence of inhibitors which become simul- 
taneously more concentrated. A rela- 
tively low activity of luciferase along 
with an excess of luciferin, resulting in 
a long-lasting, relatively dim lumines- 
cence, is possibly of survival value to 
the fish. 

The photogenic organs of Apogon 
communicate with the gut, but are 
histologically and morphologically dis- 
tinct (22). Careful examination of the 
stomach and intestinal contents of over 
40 specimens have revealed no remains 
of small crustacea, such as Cypridina 
or related organisms. (These would not 
be expected from the habitat of the 
fish at a depth of 40 fathoms.) Thus 
the cross reactions cannot reasonably 
be attributed to the presence of ex- 
traneous, crustacean material such as 
was once responsible for the seeming 
luminescence of a flying fish (23). 

The purification and properties of 
the Apogon system have been inves- 
tigated and will be reported in detail 
elsewhere. It is worth noting here, how- 
ever, that none of the diffusible factors 
known to function in other systems 
(17) have been found to increase the 
light of the Apogon system (24). The 
absorption spectra of chromatographed 
luciferins of Apogon and Cypridina 
have points in common, but are not 
identical, and the changes on oxidation 
are not the same. Both luciferins are 
associated with a yellow color by or- 
dinary light and yellow fluorescence by 
ultraviolet light. The two luciferins are 
qualitatively alike in behavior during 
Anderson’s (25) purification proce- 
dure, in undergoing an initially revers- 
ible, dark oxidation by oxygen or fer- 
ricyanide (26), in varying sensitivity 
to cyanide (27) at corresponding stages 
of purification, and in having nearly the 
same Rf on paper with Tsuji’s (28) 
solvent. Under the conditions employed, 
the optimum pH for total light is as- 
sociated with the substrate, being close 
to 7.0 when either enzyme is used with 
Cypridina luciferin, and between 6.3 
and 6.5 with Apogon luciferin, while 
the optimum pH for rate of light emis- 
sion is correlated with the specific en- 
zyme, being from 7.6 to 7.8 with Cypri- 
dina luciferase, and about 7.2 with 
Apogon luciferase, using either of the 
two luciferins. 

The enzymes differ in that Cypridina 
luciferase is sensitive to 4 xX 10°M 
versene, whereas Apogon luciferase is 
not, and in that Cypridina luciferase 
withstands exhaustive dialysis, whereas 
Apogon luciferase progressively loses 
activity in a manner that can be initial- 
ly restored by the addition of dialyzate. 

Although the similarities in the lu- 


minescent systems of a fish and crus- 
tacean could represent a rare, evolu- 
tionary coincidence, they as likely indi- 
cate that more of a thread of unity ex- 
ists in the comparative biochemistry 
of luminescence among diverse types 
of organisms than has been hitherto 
supposed. 
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Experimental Shark Pens at the 
Lerner Marine Laboratory 


Abstract. A new facility has recently 
been added at the Lerner Marine Labora- 
tory, Bimini, Bahamas, which makes it 
possible for the first time to work ex- 
perimentally with large elasmobranchs up 
to 15 feet in length. 


The Lerner Marine Laboratory, gen- 
erous gift of Michael Lerner and now 
in its 12th year, is operated by the 
American Museum of Natural History 
in New York as one of the Museum’s 
five field stations. Situated on the east 
side of the Gulf Stream on the island 
of Bimini, only 53 air miles due east of 
Miami, the laboratory has become an 
important center for the study of semi- 
tropical marine fauna and flora of the 
Caribbean area. With the addition of 
three shark pens, constructed with 
funds provided by the Office of Naval 
Research, investigators may now study 
several species of large elasmobranchs 
(7) under excellent conditions for ob- 
servation and experiment. 

Two of the pens (holding and ob- 
servations pens) measure approxi- 
mately 40 by 80 feet and are 7 feet 
deep at mean high tide (Fig. 1). Be- 
tween the two large pens and connected 
with them by gallows gates, is a smaller 
operating pen 16 by 40 by 7 feet. All 
three pens are enclosed in chain-link 
fencing made of stainless steel 11-gauge 
wire stapled to pressure-treated wood 
pilings. A dock 10 feet wide surrounds 
the three pens and a 2-foot wide cat- 
walk extends along the north and south 
side of the central operating pen. Over 
the operating pen is a monorail carry- 
ing an electrically driven 2-ton hoist 
and above this is a viewing platform 
15 by 20 feet. Since the water is of 
unusual clarity at Bimini, it is possible 
to observe in considerable detail, from 
the platform, the behavior of normal 
and experimental sharks as they swim 
over the white coral sand bottom of the 
observation and holding pens. 

When a shark in the holding pen is 
selected for experiment it is separated 
from the others by a net having a 4-inch 
mesh, and guided through the gallows 
gate into the operating pen, where it 
is confined by stout netting spread over 
rectangular metal frames. By means of 
the electric hoist the netting on the 
floor and side of the operating pen may 
be elevated, further confining the shark 
and raising it to the water’s surface 
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to shore 
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Fig. 1. (Top) View of the shark pens at the 


[Photograph by Langley Wood]. (Bottom) 
sizes and positions of the pens. 


alongside the dock. In this position the 
shark is anesthetized by spraying 
MS222 into its mouth and over its gills 
with a pump-type hand sprayer attached 
to a 4-foot brass delivery tube (2). 
Ordinarily 1 liter of MS222 (1:1000 
dilution) can be delivered in 6 to 10 
seconds into the mouth of the shark. 
{t takes only 60 to 90 seconds for the 
MS222 to anesthetize a 400- to 500-Ib. 
shark, after which it may be raised to 
the dock on a canvas-strap stretcher 
and operated on with safety for as long 
as 20 minutes. After the operation the 
shark is allowed to recover in the 
operating pen and then is directed 
through the gallows gate into the ob- 
servation pen for subsequent study. In 
addition to experiments on the visual 
and olfactory organs now in progress, 


Lerner Marine Laboratory, looking north. 
Diagram of shark pens showing relative 


sharks are currently being conditioned 
for an investigation of hearing and the 
influence of various sounds on behavior 
patterns. 

PERRY W. GILBERT 
Department of Zoology, 
Cornell University, 
Ithaca, New York 

HENRY KRITZLER 

Lerner Marine Laboratory, 
DuPont Building, Miami, Florida 
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Meetings 
Congress of Anatomists 


The 7th International Congress of 
Anatomists and the 73rd annual meet- 
ing of the American Association of 
Anatomists were held jointly in New 
York City, 11-16 April. All of the sci- | 
entific sessions, except for certain sym- 
posia, were held at the Statler Hilton 
Hotel. The Albert Einstein College of 
Medicine, the College of Physicians 
and Surgeons of Columbia University, 
Cornell University Medical College, 
New York Medical College, New York 
University—Bellevue Medical Center, 
New York University College of Den- 
tistry, the Downstate Medical Center 
of the State University of New York. 
and the Rockefeller Institute for Medi- 





cal Research were the host institutions. | 
Members of the congress committee | 
were George W. Corner (president of 
the congress), H. Stanley Bennett 
(president of the American Association 
of Anatomists), Joseph C. Hinsey, Don } 





W. Fawcett, and Wilfred A. Copen- | 


haver. The local committee consisted of 
Ernst Scharrer, James B. Hamilton, 
Leonard L. Ross, and Roy C. Swan; the 
program committee, of Oliver P. Jones, 
Murray L. Barr, Edward H. Bloch, Ed- | 
ward W. Dempsey, Herbert Elftman, 
William U. Gardner, and Pinckney J. 
Harman. 

The attendance (exclusive of guests) 
approximated 1700 individuals, includ- 
ing 337 from outside the United States. 
These latter came from 41 countries 
(from Canada, 76; Great Britain, 65; 
Germany, 24; Japan, 21; France and 
Mexico, 17 each; the U.S.S.R., 14; the 
Netherlands, 12; Argentina and Italy, 
8 each; Sweden, 7; China, India, and 
Yugoslavia, 5 each; Australia, Belgium, 
and Switzerland, 4 each; Brazil, Ecua- 
dor, El Salvador, Finland, North Ire- 
land, and the Union of South Africa, 3 
each; Austria, Colombia, Peru, Thai- 
land, and Venezuela, 2 each; the Belgian 
Congo, Costa Rica, Denmark, Egypt. 
Hungary, Korea, New Zealand, Nor- 
way, Panama, the Philippines, Spain, 
Uganda, and Vietnam, 1 each). A grant 
from the U.S. Public Health Service 
made it possible for many of the for- 
eign participants to attend; 159 indi- 
viduals from overseas were aided by 
this grant. 

Six hundred and two papers, 36 mo- 
tion pictures, and 126 demonstrations 
were presented. The papers given at the 
regular sessions may be grouped, for 
convenience, into the following cate- 
gories: Neurology (general, experi- 
mental, comparative), 134; microscopic 
anatomy (histology, cytology, histo- 
chemistry), 123; embryology (human, 
comparative, and experimental em- 
bryology; teratology; reproduction), 
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91; general morphology (gross anat- 
omy, physical anthropology, compara- 
tive anatomy), 72; endocrinology, 71; 
hematology, 32; histophysiology, 11; 
histopathology, 11. In addition, there 
were five symposia: on the eye (33 
papers), On anatomy and biomechanics 
of bone (8 papers), on pituitary circu- 
lation (4 papers), on bone-marrow 
circulation (3 papers), and in tribute 
to Elmer G. Butler by his former stu- 
dents (9 papers). 

Entertainment provided for congress 
members and guests included a smoker, 
a banquet, a boat trip around Man- 
hattan, and an evening reception at the 
Metropolitan Museum of Art. 

WILLIAM L. Straus, Jr. 
Johns Hopkins University, 
Baltimore, Maryland 


Forthcoming Events 
September 


3-10. International Cong. of Preventive 
Medicine and Social Hygiene, 8th, Bad 
Aussee, Austria. (A. Rottmann, Liechten- 
steinstrasse 32/4, Vienna 9, Austria) 

4-9. Cell Biology, 10th intern cong., 
Paris, France. (M. Chévremont, Institut 
d’Histologie, 20, rue de Pitteurs, Liege, 
Belgium) 

4-9. Laurentian Hormone Conf., Mont 
Tremblant, Quebec, Canada. (Arrange- 
ments Committee, Laurentian Hormone 
Conf., 222 Maple St., Shrewsbury, Mass.) 

4-10. International Soc. of Orthopaedic 
Surgery and Traumatology, 8th cong., New 
York, N.Y. (A. Bailleux, Société de Chi- 
rurgie Orthopedique et de Traumatologie, 
34, rue Montoyer, Brussels, Belgium) 

4-10. World Cong. of Anaesthesiologists, 
Toronto, Canada. (R. A. Gordon, 516 
Medical Arts Bldg., Toronto 5) 

4-14. International Societies of Hema- 
tology and Blood Transfusion, 8th cong., 
Tokyo, Japan. (S. Murakami, Blood Trans- 
fusion Laboratory, Japanese Red Cross 
Soc., Shibuya, Tokyo) 

5-7. Society for Biological Rhythm, 7th 
conf., Siena, Italy. (A. Sollberger, Dept. 
of Anatomy, Caroline Inst., Stockholm 60) 

5-8. Legal and Administrative Problems 
of Protection in the Field of the Peaceful 
Applications of Atomic Energy, intern. 
symp., Brussels, Belgium. (Communauté 
Européenne de l’Energie Atomique, rue 
Belliard 51-53, Brussels) 

5-9. Chemical Engineering (Czecho- 
slovak Chemical Soc.), Prague, Czecho- 
slovakia. (Technické 1905, Prague-Dejvice, 
Czechoslovakia ) 

5-10. Microbiology of Non-Alcholic 
Beverages, 5th intern. symp., Evian, 
France. (D. A. A. Mossell, Intern. Assoc. 
of Microbiological Societies, c/o Central 
Inst. for Nutrition Research, Catherinjne- 
singel 61, Utrecht, Netherlands) 

5-9. Medium and Small Power Reac- 
tors, conf., Vienna, Austria. (International 
Atomic Energy Agency, 11 Kirntner Ring, 
Vienna 1) 

5-10. Operational Research, 2nd intern. 
conf., Aix-en-Provence, France. (Interna- 
tional Federation of Operational Research 
Societies, 11 Park Lane, London, W.1) 


12 AUGUST 1960 


5-12. International Soc. of Bioclima- 
tology and Biometerology, 2nd cong., Lon- 
don, England. (E. M. Glaser, Dept. of 
Physiology, London Hospital Medical 
College, Turner St., London, E.1) 


5-15. International Scientific Radio 


‘Union, London, England. (R. L. Smith- 


Rose, Radio Research Station, DSIR, Dit- 
ton Park, Slough, Bucks, England) 

5-17. Photogrammetry, 9th intern. cong., 
London, England. (J. B. P. Angwin, Intern. 
Soc. for Photogrammetry, 18 Cavendish 
Sq., London, W.1) 

6-7. Some Fundamental Aspects of 
Atomic Reactions, symp., Montreal, 
Canada. (J. C. Polanyi, Dept. of Chemis- 
try, Univ. of Toronto, Toronto 5, Canada) 

6-8. Nuclear and Radio-Chemistry, 
symp., Chalk River, Ontario, Canada. 
(R. H. Betts, Atomic Energy of Canada 
Ltd., Chalk River, Ontario) 

6-8. Society of General Physiologists, 
annual, Woods Hole, Mass. (J. W. Green, 
Rutgers Univ., New Brunswick, N.J.) 

6-17. Use of Radioactive Isotopes in 
the Physical Sciences and Industry, conf., 
Copenhagen, Denmark. (International 
Atomic Energy Agency, 11 Karntner 
Ring, Vienna 1, Austria) 

7-8. Canadian Textile Seminar, 7th, 
Kingston, Ontario. (J. M. Merriman, 
Textile Technical Federation of Canada, 
223 Victoria Ave., Westmount, P.Q.) 

7-9. Canadian High Polymer Forum, 
10th, Ste. Marguerite, near Montreal, 
Quebec, Canada. (D. A. I. Goring, CHPF, 
Pulp and Paper Research Inst., McGill 
Univ., Montreal) 

7-9. International Soc. of Geographical 
Pathology, 7th conf., London, England. 
(J. S. Young, ISGP, c/o Dept. of Patholo- 
gy, Forresterhill, Aberdeen, Scotland) 

7-9. International Union of Pure and 
Applied Physics, Ottawa, Canada. (P. Fleu- 
ry, 3, Boulevard Pasteur, Paris 15°, France) 

7-9. Joint Automatic Control Conf., 
Boston, Mass. (H. A. Miller, Taylor In- 
strument Co., 95 Ames St., Rochester 1, 
N.Y.) 

7-10. Calorimetry, 15th conf., Gatlin- 
burg, Tenn. (D. W. Osborne, Argonne 
Natl. Laboratory, P.O. Box 299, Lemont, 
Ill.) 

8-9. Technical Comunications, 2nd 
annual, Dayton, Ohio. (D. G. Peterson, 
Jr., Soc. of Technical Writers and Editors, 
4564 Marlin Ave., Dayton 16, Ohio) 

8-10. American Political Science Assoc., 
New York, N.Y. (E. M. Kirkpatrick, 1726 
Massachusetts Ave., NW, Washington 6) 

8-10. Great Issues of Conscience in 
Modern Medicine, Hanover, N.H. (G. 
O’Connell, Dartmouth College News Serv- 
ice, Hanover) 

8-10. Parapsychological Assoc., 3rd. an- 
nual, New York, N.Y. (W. G. Roll, Para- 
psychology Laboratory, Duke Univ., Dur- 
ham, N.C.) 

8-18. History of Medicine, 17th intern. 
cong., Athens and Isle of Cos, Greece. 
(S. Oeconomos. Faculty of eMdicine, Na- 
tional and Capodistrian Univ. of Athens, 
Odos panepistimiou, Athens, Greece) 

10-11. Air Pollution, intern. cong., 
New York, N.Y. (A. B. Conlin, Jr., 
ASME, 29 W. 39th St., New York 18) 

11-15. International College of Sur- 
geons, 12th intern. cong., New York, 
N.Y. (M. Thorek, ICS, 850 W. Irving 
Park Rd., Chicago 13, Iil.) 








THE HUMAN INTEGUMENT 
NORMAL AND ABNORMAL 


Editor: Stephen Rothman 1959 


AAAS Symposium Volume No. 54 


A symposium presented on 28-29 De- 
cember 1957, at the Indianapolis 
meeting of the American Association 
for the Advancement of Science and 
cosponsored by the Committee on 
Cosmetics of the American Medical 
Association and the Society for In- 
vestigative Dermatology. The volume 
offers a fair illustration of what has 
been achieved by modern research in 
cultaneous physiology and pathophys- 
iology. 


270 pp., 59 illus., index, cloth. $6.75 
AAAS members’ cash orders $5.75 
Chapters 
1) The Integument as an Organ of 

Protection 


2) Circulation and Vascular Reaction 
3) Sebaceous Gland Secretion 


4) Pathogenetic Factors in Pre-malig- 
nant Conditions and Malignan- 
cies of the Skin 


British Agents: Bailey Bros. & Swinfen, 
Ltd., Hyde House, W. Central Street, 
London, W.C.1 


AAAS 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 














Try UN I TRON'S new 



















The Model MPS is a precision instru- 

ment designed to meet the exacting 

requirements of science, education 

and industry. Ideal for work in chemis- 

try, crystallography, biology. as well as 

the technology of paper, glass, textiles 

and petroleum. 

© Eyepieces : 5X (micro.), 10X (cross.) 

* Objectives: 4X, 10X, 40X, achro- 
matic, strain-free, centerable 

© Nosepiece: quick-change type 

* Substage condenser: focusable, 
3-lens, swing-out top mount, iris 
diaphragm 

® Polaroid polarizer: rotatable 360° 

* Polaroid analyzer: in sliding mount 

© Bertrand lens: centerable 

® Stage: 115mm diameter, revolves 
360°, reads to 6’ with vernier 


* 2 Compensators: quarter-wave 
plate and first order red plate 


© Focusing: both coarse and fine 
FREE TEN-DAY TRIAL 

Quentity prices on three or more 

Accessory mechanical stage $14.75 


UN/ITRON 


INSTRUMENT DIVISION of 
204-206 MILK STREET 


UNITED SCIENTIFIC CO 
BOSTON 9, MASS 

















3 Please rush UNITRON’s Microscope Catalog 4F-2 I 

[tame i 

i Company. 3 
Address. 

I City. State. . 
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11-16. American Chemical Soc., 138th 
annual, New York, N.Y. (A. T. Winstead, 
ACS, 1155 16th St., NW, Washington 6) 

11-16. Illuminating Engineering Soc., 
natl. technical conf., Pittsburgh, Pa. (A. D. 
Hinkley, IES, 1860 Broadway, New York 
23) 

12-13. International Conf. on Trichinel- 
losis, Warsaw, Poland. (Z. Kozar, Polish 
Parasitological Soc., Zaklad Parazytologii, 
PAN, Warszawa, Pasteura 3, Poland) 

12-14. Entomological Soc. of Canada— 
Entomological Soc. of Saskatchewan, an- 
nual joint meetings, Saskatoon, Sask., 
Canada. (L. L. Reed, ESC, K. W. Neatby 
Bldg., Carling Ave., Ottawa, Canada) 

12-15. Atomic Masses, intern. conf., 
Hamilton, Ontario, Canada. (H. E. Duck- 
worth, Dept. of Physics, McMaster Univ., 
Hamilton) 

12-15. Society of Automotive Engi- 
neers, Milwaukee, Wis. (R. W. Crory, 
SAE, Meetings Operation Dept. 485 
Lexington Ave., New York 17) 

12-16. International Council of the 
Aeronautical Sciences, 2nd intern. cong., 
Zurich, Switzerland. (J. B. Bidwell, Inst. 
of the Aeronautical Sciences, 2 E. 64 St., 
New York 21) 

12-17. World Federation of Occupa- 
tional Therapists, Sydney, Australia. (Liv- 
erpoo! School of Occupational Therapy, 
Victoria Rd., Huyton, Liverpool, England) 

13-14. Bionics, symp., Dayton, Ohio. 
[Commander, Wright Air Development 
Division, Attention: WWRDA (Maj. J. E. 
Steele, Wright-Patterson Air Force Base, 
Ohio) ] 

13-15. Instruments and Measurements, 
5th intern. conf., Stockholm, Sweden. 
(Tekn. Lic. Helge von Koch, Kungl. 
Tekniska Hégskolan, Stockholm 70) 

14-15. Aspects of Internal Irradiation 
of Mammals, Saratoga, Wyo. (T. F. 
Dougherty, Univ. of Utah, Salt Lake City) 

14-16. Tube Techniques, 5th natl. conf., 
New York, N.Y. (D. Slater, College of 
Engineering, Research Div., New York 
Univ., 346 Broadway, New York 13) 

15-16. Engineering Management Conf., 
8th annual, Chicago, Ill. (E. O. Kirken- 
dall, AIME, 29 W. 39 St., New York 18) 

15-17. Radio Soc. of Great Britain, natl. 
convention, Cambridge, England. (Secre- 
tary, RSGB Convention Committee, 37 
Metcalfe Rd., Cambridge, England) 

16-18. Cori’s Ester and Phosphorylated 
Glucides, 1st intern. symp., Milan, Italy. 
(Segreteria Organizzativa del 1st Sympo- 
sium Internazionale sull’estere di Cori e 


sui glucidi fosforilati, Via Modica 6, 
Milan) 
16-21. European Cong. on Infantile 


Neuro-Psychiatry, Paris, France. (G. Be- 
laubre, 14 rue Drouot, Paris) 

16-22. World Medical Assoc., Berlin, 
Germany. (General Secretary, WMA, 10, 
Columbus Circle, New York 19) 

18-21. Forensic Pathology, 2nd intern., 
New York, N.Y. (C. Larsen, Tacoma 
General Hospital, Tacoma 5, Wash.) 

18-25, Inter-European Cong. of Cardi- 


ology, 3rd, Rome, Italy. (V. Puddu, 
Clinica, Medica, Universita-Polictinico, 
Rome) 


19-21. Space Electronics and Telemetry, 
Sth natl. symp., Washington, D.C. (H. W. 
Royce, Glenn L. Martin Co., Mail Stop 
H-2035, Baltimore 3, Md.) 

(See issue of 29 July for comprehensive list) 
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New Products 


The information reported here ts obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ ANGULAR MOTION TRANSDUCER is sen- 
sitive to a rotation of 0.012 deg and 
has a range of +3 to +5 deg. The 
magnified input of an angular motion 
actuates a wiper that moves across a 
potentiometer producing a d-c output 
signal. The unit is completely sealed. 
Flat frequency response to 30 cy/sec 
is said to have been observed. Life ex- 
pectancy is said to be over 100,000 
cycles. (Bourns Inc., Dept. Sci683, P.O. 
Box 2112, Riverside, Calif.) 


® BURETTE is made from precision bore 
tubing with a free-riding hollow glass 
piston accurately fitted to the bore. 
According to the manufacturer, the 
burette is capable of accuracy better 
than +0.02 percent. The free piston 
system provides automatic zero when 
filling. A movable rod in the top as- 
sembly permits adjustment of the 
zero point. The scale, graduated in 
0.1-ml subdivisions, is linear, permit- 
ting use of a vernier for reading. (Kern 
Laboratory Supply Co., Dept. Sci690, 
2611 Exposition Blvd., Los Angeles, 
Calif.) 


™ VOLTAGE REFERENCE is said to be 
equivalent in accuracy to the best un- 
saturated standard cells. While the 
source is a zero current drain instrument 
it can be operated into any impedance 
or short circuited without damage. 
Power input is 90 to 135 volts, 60 cy/ 
sec, 25 v-amp. Output is 1.0000 and 
1.0185 volts. Accuracy is said to be 
+0.01 percent of nominal with certifica- 
tion of actual output to +0.001 percent. 
Temperature range for this accuracy 
is 15° to 35°C. (Sensitive Research In- 
strument Corp., Dept. Sci693, 310 Main 
St., New Rochelle, N.Y.) 


™ DUAL-GUN STORAGE TUBE is Said to 
have a minimum resolution of 1200 
lines per diameter. Stored signals can be 
held for many hours, read several thou- 
sand times, or erased in a fraction of a 
second. Decay of the display can be 
controlled at half-life times between 3 
sec and 10 min. (Raytheon Co., Dept. 
Sci694, 55 Chapel St., Newton, Mass.) 


™ BUBBLE DETECTOR operates by pass- 
ing a pulsed ultrasonic signal through 
the liquid under observation which is 
flowing between transmitter and receiver 
heads. The presence of bubbles weakens 
or interrupts the signal. Individual bub- 
bles are detected and the strength of the 
output signal varies with both size and 
number of bubbles. Minimum detect- 


able bubble size is 0.001 in. in diameter, 
Output is 0 to 4 ma into 2500 ohms. Re- 
sponse time is less than 0.1 sec for 63- 
percent response. (Taylor Instrument 
Co., Dept. Sci695, 95 Ames St, 
Rochester 1, N.Y.) 


™ FLAME PHOTOMETER monitors chlor- 
ide ion in boiler feed water by measur- 
ing sodium normally associated with the 
chloride ions. Normal range is 0.1 to 
10 parts per thousand million. The in- 
strument consists of an optical unit and 
a control panel. The optical assembly 
houses a sample manifold, burner, mon- 
ochromator, and multiplier phototube; 
the control panel houses a high-voltage 
supply, amplifier, automatic standard- 
izing system, sample sequence selector, 
and recorder. The sample manifold may 
accommodate up to five sample streams. 
(Waters Associates, Dept. Sci692, 45 
Franklin St., Framingham, Mass.) 


® RECORDER Of strip-chart, self-balanc- 
ing, potentiometer type is said to be ac- 
curate within +0.25 percent of full scale 
or +20 pv, whichever is greater, with- 
out necessity for standardization. A 
single mercury cell serves as reference 
voltage. Chart width is 250 mm with 1- 
second full-scale pen travel. Standard 
range is 125 mv. Seven other ranges 
from 1.0 to 50 mv are interchangeable 
by means of plug-in resistors. Standard 
chart speed is 1 in./min with eight 
speeds from 1/60 to 12 in./min avail- 
able by interchange of motor. Zero dis- 
placement is adjustable over full chart 
width. (E. H. Sargent & Co., Dept. Sci- 
702, 4647 W. Foster, Chicago 30, IIl.) 


™ CAPACITANCE METER is a transistor- 
ized instrument that displays capacitance 
and dissipation factor digitally. Two 
test frequencies are provided, 120 and 
1000 cy/sec. Four ranges at each fre- 
quency cover capacitance from 10 pf 
to 999.9 yf and dissipation factor from 
0.001 to 0.999. Average measurement 
time is 1 second. Output is provided in 
the form of decimal contact closures as 
well as visually. (Electro Instruments, 
Inc., Dept. Sci698, 3540 Aero Court, 
San Diego 11, Calif.) 


™ LABORATORY HOT PLATE with 3-in. di- 
ameter top incorporates a thermostatic 
control unit that provides stepless selec- 
tion of temperature from 6°C above 
ambient to 370°C. A built-in anticipa- 
tory sensing device is said to assure 
negligible overshoot in initial heatup, 
with temperature thereafter constant 
within +3°C. Temperature of 370°C is 
reached in 9 minutes from cold start. 
(Thermo Electric Manufacturing Co., 
Dept. Sci703, 568 Huff St., Dubuque, 
Iowa) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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istor- word, minimum charge $4. Use of Box — a — —— — —— 
tance armed = 10 eagpon sor tl —- Biochemist, Ph.D. 7 years’ diversified industrial 
ayment in advance is- required. Posi- experience in fermentation, enzyme applications 
Two tions Open, $40 per inch or fraction in foods, brewing, pharmaceuticals, and so forth, EXPERIMENTAL 
) d thereof. No charge for box number. and enzyme characterization and _ purification. 
an COPY for “classified ads must reach Responsible administrative or supervisory posi- 
1 fre- SCIENCE 2 waehke before date of issue tion only. Will relocate foreign or domestic. Box PSYCHOLOGIST 
(Friday of every week). 168, SCIENCE. Xx 
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nents, 26 ii in 1 34.00 h Opening at our Chemical Manufacturing Division with a large natt us 
Court 52 times in 1 year 32.00 per ieoh in Fair Lawn, New Jersey. Biochemist. with tronics corporation, with headquar- 
- ’ . Master’s Degree and training in bacteriology. in suburban New York City. 
For PROOFS on display ads, copy must Three to five years’ experience in related fields. <1 — ve y 
reach SCIENCE 4 weeks before date of Send complete résumé to: P. F. Faupel, Tech- BOX SM 1377 
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BIOLOGIST 


B.S. or M.S. Industrial Toxicology Laboratory. 
Perform and supervise performance of acute 
and chronic oral toxicity tests and reproduc- 
tion studies. Previous experience in this area 
desirable. Experience in general handling 
and experimental use of small animals nec- 
essary. Ability to perform routine statistical 
analysis of data necessary. Salary commensu- 
rate with training and experience. Please 
address replys to Mr. Charles R. Young, 


American Cynamid Company 
1937 West Main Street 
Stanford, Conn. 














(a) Microbiologist, teaching, 
graduate, graduate levels; $7000; Canada. (b) 
Biochemist, B.S., M.S., experienced clinical 
chemistry to head department, 300-bed voluntary 
general hospital; to $8000; midwestern college 
city 75,000. (c) Bacteriologist, B.S., 2 years’ hos- 
pital experience; 275-bed general hospital; to 
$5400; Texas. (d) Biochemist, Ph.D., experi- 
enced hospital chemistry to head department, 
large California hospital; $10,000. (e) Micro- 
biologist, Ph.D. familiar single, suspended, 
monolayer cell culture techniques to head cell 
production facility, conduct research; prominent 
pharmaceutical company; Midwest. (f) Bio- 
chemist, interested molecular biology for research 
in studies of nucleic acid metabolism, related 
areas; to $9000; prominent southwestern univer- 
sity research institute. (g) Bacteriologist, B.S., 
M.S., to supervise department, 350-bed California 
hospital; to $6200. (Please write for an analysis 
form. Our 64th year: Founders of the counselling 
service to the medical profession; serving medi- 
cine with distinction over half a century.) Science 
Division, Woodward Medical Bureau, Ann Wood- 
ward, Director, 185, North ‘Wabash, Chicago. — x 


research at under- 





ORGANIC 
CHEMISTS 
And 


PHARMACOLOGISTS 


Excellent opportunities are available in the above 
sciences and allied fields for Ph.D.’s or equiva- 
lent with several years’ experience in pharma- 


ceutical research. Modern, expanding laboratories 
located in suburban Philadelphia. Salaries com- 
mensurate with experience. All inquiries will be 
kept confidential and will be answered promptly. 
Please send resumes to— 


Personnel Department 
WYETH LABORATORIES, Inc. 
P.O. Box 8299 — Philadelphia 1, Pa. 














Virologist and Tissue Culturist to participate in 
tumor virus program. Please state experience and 
salary desired. Box 167, SCIENCE. 8 








Positions Open 
Effective 1 September 1960 


Rates net—No agency commission 
No cash discount 


Minimum ad: 1 inch. Ads over 1 inch will 
be billed to the nearest quarter inch. 


Frequency rate will apply only to repeat 
of same ad. No copy changes. 














Pharmacologist for basic medical research 
establishment; California. (b) Biochemist to head 
department in hospital increasing from_400- to 
600-bed capacity; $10,000 year up; East. (c) 
Assistant Research Director with Ph.D in bio- 
chemistry, pharmacology, or physiology and 
familiar with isotope use in biological research; 
administrative ability essential; leading animal 
medication firm; Midwest. (d) Public Health 
Chemist to supervise division in large health 
department; $7000-$9500 year; Midwest. (e) 
Animal Behavior Research Associate, Ph.D. in 
zoology-endocrinology for studies in physiological 
factors of behavior and responsible for program 
at university institute; Southwest. (f) Virologist 
qualified in tissue culture for tumor virus studies 
with new research group at medical center; East. 
(g) Biology Instructor to teach anatomy to nurs- 
ing and biology students; state college, Midwest. 
(h) Physiologist- Pharmacologist for research on 
burns, pain and tissue damage studies at medical 
school; around $9000 year; Midwest. (i) Quality 
Control Section Chief, Ph.D. in analytical chem- 
istry to supervise laboratory of large drug 
manufacturer; $10,000-$12,000 year. (j) Path- 
ologist, Ph.D. or D.V.M. degree with clinical 
and animal experience for biological research 
laboratories; $10,000 year up; Southeast. (k) 
Assistant Professor of Clinical Biochemistry to 
direct section in hospital and teach in medical 
school; research opportunities; Southwest. (1) 
Organic Chemistry Director to assume respon- 
sibility of rapidly expanding division of drug 
manufacturer; high salary; Midwest. (m) Bio- 
chemists qualified in enzyme or radioisotope 
methods for metabolism studies for growing 


pharmaceutical firm with large export trade; 
Midwest. S8-2 Medical Bureau, Inc., Science 
Division, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. x 








PHARMACOLOGIST OR PHYSIOLOGIST 


An expanding Midwest pharmaceutical 
company has an opportunity for a Ph.D. 
pharmacologist or physiologist for work in 
Biological Control. Work consists of 
biological evaluation of drugs, develop- 
ment of biological assay procedures, and 
development of methods for toxicity de- 
termination. Please send complete résumé 
to 


Technical Employment 
Coordinator 


Upjohn Company 
Kalamazoo, Michigan 











SCIENTIFIC 
WRITER 


A writer is required to prepare re- 
search and clinical reports for pub- 
lication. This person must have a 
good technical background. The 
position involves the analysis of 
data and searching the literature 
for necessary background data. 
Writing skill is required. Write 
stating qualifications and salary de- 
sired to Personnel Dept., Wyeth, 
Box 8299, Phila. 1, Pa. 














Senior Research Scientist (biochemistry). Ph.D. 
to do research in the neuroendocrine research 
unit of Willowbrook State School. Experience in 
metabolic techniques desirable. Starting salary, 
$8652. Submit application and résumé to Dr. 
H. H. Berman, Director, Willowbrook State 
School, Staten Island 14, N.Y 8/19, 26 


The Market Place 


BOOKS «+ SERVICES + SUPPLIES * EQUIPMENT 


Hiiili BOOKS AND MaGazines jill 
SCIENTIFIC JOURNALS WANTED 


Sets, 











Runs and Volumes bought at top prices. 
our wants supplied from 
our Back Files of over 3,000, periodicals. 
Abrahams Magazine Service, N. Y. 3, N. Y. 














Ill BOOKS AND MAGAZINES Jill 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus. 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











MAMMARY TUMORS IN MICE 


AAAS Publication No. 22. By the staff of 

the National Cancer Institute, National In- 
stitutes of Health. F. R. Moulton, Ed. 
7%” X_ 11%”, cloth, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced price: 
$3.00 prepaid orders by AAAS members, 
$3.50 retail. 


AAAS 
1515 Massachusetts Avenue, NW, 
Washington 5, D.C. 














\\lll PROFESSIONAL SERVICES _ jij 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological 
Mycological and Bacteriological 
investigations 


United States Testing Co., 


1415 Park Ave., Hoboken, N. J. 


LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


: wis | 


|| SUPPLIES AND EQUIPMENT jj 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 













Inc. 








Write for Price Schedule 
P. O. Box 2217 © Madison 1 

















1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 






















YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue J 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


















® 


CAESAREAN-DERIVED 


CHARLES RIVER CD- 
Hypophysectomies 
THE ‘CHARLES RIVER MOUSE FARMS 
Affiliate, The Charles River Breeding Tobe 
1018 Beacon St., Brookline 46, Mass. 
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|| versatile new laboratory recorder 
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; The new YSI recorder is a compact unit that can be used 
¢ with a variety of laboratory instruments to record data 
-D over any set period. Ideal for temperature, pH, photo- 
metric and other recording applications. Calibrated for full 
NIC scale deflection for operating ranges shown below. In addi- 
) PA tion, controls allow recording of up to 500V or 50ma full 
ae scale. A segment of any instrument input range can also be 
i selected and expanded full scale. Accuracy +2% on all 
ranges. Instrument plots point every 2 seconds. Pressure- 
295 sensitive chart paper, 214” wide, eliminates inking. Easily 
portable, unit weighs only 11 Ibs. 
age VOLTAGE RANGE: 10mv, 100mv, 1V, 10V, 100V. AMPERE RANGE: 
ot. H 1ua, 10ua, 0.1ma, 1ma, 10ma. CHART SPEED: 1 inch/hr, 15inches/hr 
a supplied with recorder. Optional chart paper drives also available for 
2, 3, 6, 10, 12 and 30 inches/hr. 
by No. 67935—Yellow Springs Instrument Model 80 Laboratory Recorder, 
10” x 6” x 8”; 115 volts, 60 cycles AC, complete with chart paper $295.00 
No. 67936A—Extra Chart Paper, 60 ft. roll... 0... eee ee eee 3.40 
i. 
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NEW POLARIZING 
MICROSCOPE by AO 


The AO Polarstar’s building-block concept of 
design gives you an unequalled choice in the 
selection of your polarizing microscope and 
equipment. Various combinations of bodies, 
stages, analyzers, nosepieces, substage equip- 


ment and bases can be selected to provide the 
exact model you want. Whatever the model, 
you're assured of top optical and mechanical 
performance, matchless convenience and 
versatility... 


plus these outstanding Polarstar advantages... 


CONVENIENT CAMERA ACCESSORY 
... Low-cost 35mm camera for use 
with trinocular or photographic mo- 
nocular body. Shoot what you see 
through coupled visual 

and photographic sys- 

tem. Take black and white 

or full color 35mm photos 

«+. quickly...easily. 


REVERSIBLE BODIES...INTER- 

CHANGEABLE... Choose from 

monocular, binocular and trinoc- 

ular bodies...all inclined for 
comfort. 


POLAROID ANALYZER... Choice of 
rotatable or fixed, swing-in. 


QUICK-CHANGE NOSE- 
PIECE... Convenient quick- 
change centerable or triple 
revolving nosepiece. 


POLAROID POLARIZER... Spe- 
cially selected fixed Polaroid 
Polarizer in Abbe condenser per- 
mits optimum use of full numeri- 
cal aperture of condenser, Swing- 
in auxiliary condenser fully 
illuminates the field of view for 
‘orthoscopic work with low-power 
objectives. 


American Optical 
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COATED OPTICS... Strain-free Objec- 
tives, Wide Field Eyepieces and all 
essential air-glass surfaces are coated 
...Americote...for superior perform- 
ance. 


BERTRAND LENS... Slide-in type... 
built-in, focusable ... for convenient 
conoscopic observations. 


CHOICE OF STAGES... 
Plain graduated rotat- 
ing stage or graduated 
rotating Micro-Glide 
stage for quick conven- 
ient specimen position- 
ing. 





FOCUSABLE STAGE... 
You focus the stage and 
the specimen to the ob- 
jective with low, conven- 
iently positioned coarse 
and fine adjustments. 


CHOICE OF BASES... 
Choose from Built-in Base 
Hluminator for convenient 

Kohler type illumination or 
horseshoe base with mirror, 
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Write today for 10 page Polarstar Brochure No. SB2300! 
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IN CANADA write— American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 





